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PARTI: INTRODUCTION 



A Mac hantstic- Empires I (ME) bised d^stgn mglhcd ^ a ralonal9ngin99ring approach Ihal has 
tegn used by some agencies Id replace Ih9 empirical American AESccBlK>n ol Stale Hghwa/ 
and TransportalonOffcQfe{AASHTO]dasgn procedurg (AASHTO >993f lllinoE. Henlucky. 
Texas and Washlnglon Deparlmenls cslTranscorlalon fCKJTs) are allag&nceslhal use an ME 
based apprcach lor pavement desc|n. The mam advantage olan ME Eased dGsc|n system e 
Ihat it ts Eased on pa^-em^nl latc|ue and dGlormalDn charactertstK:s olall ^yer^. rather than 
sotelyon the pavements surface condilnn (rde quality] The concepts ol ME l:ased melh<xl5 
alknvthe pavement des^n engineer to quantify the ehectol changes in material, tad. climate, 
age. pavement geometry, and constructcm practK:eson pavement performance Such a 
ratcmal engineering des^n apprcach provKles a more accurate and ccGt effective melhcd of 
dtagnc^lng pavement probfems. and f<Hecasdng maintenance, repair, and rehabilitatcm needs. 

Tlie Montena Department ol Transportatcm (MDT) reccgnlzed the banelrts and advantages of 
using an ME hased desc|n methcd Theiefore. Montana Eegan the prccess of Klentilying the 
incdeling tccis (e g . pavement response mcdel. climatk: mcdel. dstness prediction m<xleg)and 
devebping a pavement perlorma nee database for storing standard inpu& The distress 
predctK>n mcdels (or transfer functcms) provde a benefit for optimizing the rehabilrtaton 
stialeg^s and the predictions inherent In a pavement management system that involve the 
forecasting of maintenance, repair, rehabilitation and reconsl^ucton ccGls Th& pavement 
performance database can he used to determine the robustness and accuracy of tKe Uansfer 
lunctcmsto Montana's material and local conditions 

Ttie objective olths proractwas todeveiop performance characteristics torvarabts {e g.. rile 
quality, rutting. Iatc|ue cracking transverse cracking) of flexib^ pavements in Montana, and to 
use these chaiacterHtcs in the verilcatK>n and calibration ol the dtstreES predctcm mcdels 
{Uansferfunctons) included in the MechanEtc-Empircal Pavement Desgn fMEPDG} software 
devebped under NatonalGccperatr-ye H^hway Research Picgram (NGHRP) Project l-a7A 
(ARA 2004a,tf) The MEPDG software includes a uniform and comprehensive setol 
procedures for the design of new and rehabilitated llaxible pavements Reliabla detress 
predctK>n models will enable the MDTto use ME principlas forfle>:ibfe pavement des^n and In 
fnanaging their hc|hway network 

ToachBve the project object r-ye. the project was drvded into two phases, each with a senestrf 
lashs toacheve the above ob^ctnye The specilc tasks l<Heach Phase are iBted baiow 

« PHASE I provded the inlttaJ dantrfii^aton olthe test sectKDns. eslabl^hed the data 
collactK>n polK^^sand procedutes. and Included the preparatK>n of a draft document 
defining the data coltction procedures to l:e imp^mented in Phase II Phase I was 
divded into lour tasks. whi::h included: 

o Task 1 - Literature Review of DEtress Predctjon Mcdeb 

c Task2-RevBWolMDTPa^ment-ReSted Data 

o Task 3 - Devebp the Expenmenlai Pbn and Factorai 

o Task 4- Develop Work Pbn (orMonltonng and Testing 
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4 PhlA^ II IncludGd Ih9 dalacoltclon and analyse Gflorls r9quired lorlh9 teal 

calibialiDn ol Ih9 dslr^ss pr9dh::lcin mcdglslo MDnlanaSclimal9. malGrtat. ajid d&sgn 
sbatoci^s Phase II v^as dii^ded inlo lour tasks, whtch Included: 

D Task5-PresanlalHDnolWo*PlanloMDT 

o Tasks- Imptem&nlWorkPBn -Conduci Fekl InvQslgalons and GollacI Dala 

o Task?- Dala Analyses and Calibialcn ol Perlormanc* Predclcn Models 

D TaskB - Final R9[crland PresanBlcm ^ ResuHsloMDT 

Results Irom IhB research proraclare c<>nlained in a three -volume report Foltwing tsa Islthat 
describes each report volume Irom thE propel: 

* Volume I B the Executive Research Summary lor Ihe overall pro|ectand summarizes all 
worts completed under this pro|ecL Phases I and II. (Von Qmnius ^nd \SotJlif}rop 2007a} 
Volume I Edr/Kled into eg ht chapters 

o Chapter I- 1 tsthe Intrcduclion to Ihe pro>act report 

o Chapter \-2 presents the experimental pkin and matri>: that was used to ensure 

Ihat a sufficient numberol leslseclions were selecled lo cover the range ol 

condrtHDns encountered in Montana 
o Chapter \-2 presents the perlormance lndK:alois and the predK^nn mode^ 

seeded lor pavement desc|n and management purpcees 
:: Chapler 1-4 eslablish^s the climatic and environmental inpulsand delaull values 

needed lor pred cling alldEtresses 
o Chapler 1-6 summarizes Ihe trails analyses lo determine the inputs lor the lead 

r^^led d stress predclon models 
o Chapter l-S summarizes the materat lesting and characterizaltoi^ todelaimlne 

Ihe inputs lor each predElion m<xlel 
o Chapler 1-7 summarizes the venlEalKDn and calibialHDn procedure lor each 

distress predK:tcin model. 
c Chapler l-S provKles the conclusions and recommendations Irom Ihs researcli 

D Chapl9rl-9 sthe reference sectH^n for Volume I 

* Volume II (included herein) e a Reference Manual that documents some ol Ihe 
Suppfemenlal Research Studies and Product thai resulted Irom the pro^ct Volume II 
B divded jnto ln^ parts -each part summarizing a specifc prcducLlrom Ihs study 

o Part 1 43l Volume II san intrcduclion to Volume II 

o Part II ol Volume II summarizes Ihe literalure revew (Task I of Phase l)ol ME 

based distress predictK>n models and recommends specific equations to Ee used 

for each d stress 
o Part III ol Volume II was prepared by Ihe University ol Wash inglon_ Washington 

Stale Tiansportatcm Center (TRAC). anddecusses the analyses compteted on 

Ihe Iraflicdala provided by Ihe MDTand summarizes Ihe input values 

recommended fn^r use in pavement desgn In Monbna 
o Part IV of Volume II d^usses the MEdalaEase crealed for Montana. The pari 

provides an overvewof Ihe database and delines the lormal for each data ftekl 

and category. Part IV ate Itsts Ihe tesis sections, both wilhin and outskle ol 
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Montana. IhalwQrg us9d Id popukilG Ih9 dalabaEe wilh data used m the kxar 
calibialiDn prcc9ES 
o Pari Vol VolumQ II BihG relGrancs seclbn lor Volume LI. 

Volume III B the F\&U Gud^ (Calibration and UserGuKle) pr^sGnllng slandard praclK^^s 
lor urxlaling and enhancing Ih9 d^lr^ss prEdclon m<x]9h5 IhalVd^re calibral9d under 
IhE research profaci (Von Ouinius ^nd Mou)ihrop 2007b} ThKVQlum& BdwklQd Inio 
IrvQ chaplgrs 

o ChaplGf III-1 tsihe Inlrcduclon Id Volumg III 

o Chapter III-3 provklQS an overvBW<>l Ihg MEPDG. 

D Chapter III-3 Ka user manual lorlhg MEPDG 

D Chapter III-4 presents Ihe kxalcallbralK>n laclofs IhalVd^re determrned from IhE 

research proracllor immedate use b/Ihe MDTIordesgnlng pavements and 

fnanaging Iheir hc|hway network 
o Chapter IU-5 ellie reterence seclion lor VoLuii^e ILL 
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PART II: SELECTION OF DISTRESS PREDICTION 

MODELS 

CHAPTER 11-1: INTRODUCTION 

DBlr9^ pr9dK:tcin mcdgg ar9 cnlcsl m managing, d^scining and analyzing Itxlbla pav^m^nl 
5lruclur95 A Irl9ralur9 ravew was conducl9d lo dgnlrfy pr9dK:lHDn mcdetlhal hav^ b^gn 
d9V9b[@d lorlhcsG dslras$95 Ihal MDTconsdGis wilhin IhQir Pavem^nl Manag^mgnl S>rsi9in. 
f{iADT2O00) ThceadElras&asare IeI^ tebw 

* Alligator Cracking ProdElGd in Ih9 MgchanBlc-Empircal Pav^mgnl Ossein GlieIq 
(MEPDG) Eoftware. d9^jBk>ced under HCHRP Propel 1-37A fARA 2004^j}} 

* Longitudinal Cracking Pr9dK:led In the MEPDG Ecltware 

* Transveise Cracks Predcled in Ih9 MEPCKJsoflware as I he rma I cracking 

* BkKkCracking rtol predcled in Ihe MEPDGsoflware 

* Putting Predclfid In Iha MEPDG Eollwara lor each paving tiyerand loundalcm- 

* f!avGling and Wealhenng Considered bul nol pr^Eled in ihe MEPEX^soHware 

* Palching Nol predated in Ihe MEPDG &Dllwar& 

Volume II Pan II provides a r^vewol ME tased predichon mode^ Th^ rGvewoldslress 
pradiclion models lor ll»se dislresses and olher parlormance indKalors t^ nol meanllo be 
fl:chauslrLi«. bul includes Ihose m<x]eg Ihalcan te used lo maledesgn and managemeni 
deceions Chapleis ll-2lhrough 11-6 reviews selscled predElion mode^ lorspacrlicdElresses 

* CJiapL9rll-1 Inlrcduclcm. 

* CliaplGrir-2 Lead Reeled Ciachs (Includes Ixilh EollDfn-in rifled and surlac^-u^ilaled 
Clacks)- 

* Chapl9rll-3 Pulling (includes permanenldelormalcm wilhin Lhe HMA byeis and 
unbound ^yersand loundalion) 

* Chapter 11-4 Transverse (Non-Lead Rabted] Cracks (Includes tolh lowtempaialura and 
Ihermal lalc|ue cracking) 

* Chapter 11-5 HMA DElntegralion. Raveling 

* ChaplGr 11-6 Smcolhness and RdaQualHy Models 

* Chapbrlh? Summary 

TTie revkew Iccusad on Ihe dislress predclion mcdelslhalare Incorporaled in Ihe MEPDG Ihal 
were devetoiied and calibraled under NCHRP Projects ]-37A (ARA 2004a j}f and 1-40D 
(NCHflP 2006} Adelailed review and dEcussion ollhcse predclion models are included in Ihe 
final recorls lor riGHRPPro^cn-37A^dRA^Cjt«a.DJ and HCHRP Propel 9-30 fVon Oumfus ctf 
rI. 2004) The prediclion model loreachdelress Included In Ihe MEPDG Ecllware ^ listed llrsi 
wrihin IhisdnDcumenl and is Ihen lolk>wed by olher ME bised m<x]eg II Ihe MEPDG predclcm 
mcdeb a ra selected and used Monlana will Ee prepared lo pul inio praclice Ihe produclslrom 
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NCHRPProiecl i-^7A{ARA 20043,b)^r\6 r^CHRP9-^9 (Wiiczskef at. 2002). In NCHRP 
Pro)flcl9-l9. WrlczakQlal- f^cM^^devabced Ih9 simple ceiormanca lesllordasgning Hoi Mix 
Asphalt (HMA) mixlur95 in accordance with the Suparpave dgsgn melhcd Both NCHRP 
proracis used Ihe same maleral properles lolte HMA mcdurG design lollexibla pavement 
sirucluraland rehabililalHDn desc|n. 
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CHAPTER 11-2: LOAD RELATED CRACKS 

A longGr-l9rTn d^lr^ss mcd9 con5K]9r9d by mc$ld95»gn;SvalualDn prcc9dur95 Elal^ue <h IcQd 
f^^led cracks. Fal^ue cracks arg as9r^s ol k>ngiludlnal and/or inl9rconn9cl9d cracks caused 
by Ih9 r9|:eal9d applK^al^n olwh99l kxids rssulllng in Ial»gu9 Iailur9 (som^ ^v9lol cracking} ol 
Ih9 HMA surlac9 and'<H &is9 mKluras 



11-2-1 TYPES OF LOAD RELATED CRACKS 

Th9r^ ar^ pr^ominanlly lwolyp9s<>| lalc|U9 cracks Ihalcccur in I^xibl9 |:av9m9nls and HMA 
ov9rlays thai are d9lin9d based on Ih9 dir^9clK>n olciack propagalon' bctlom-upand lop-down 
fal»gu9 Clacks Top-dcwn Ialigu9 cracking tsconsidgr^d Ihs m<H9 crrlcal because <>nce IhG 
ciackoccuis rl tsvBible and albws water Id inlillrale the HMA mixlur^ Conveisely. fatgue 
Clacks that inrttate alth9 bottom <X ihe HMA layei must prot^ale to the surlace before they 
tecome velble. It tsdifcull lo denlify where Ihe fatigue ciacks initale withoullakjng coiesor 
excavaling lest pits tooEeeive thedlreclhon of crack propagathDn 

Fatc|ue cracks Ihat inittale at the bottom of the HMA layer and piopagate to the surface are the 
inore c^s^al defined allc|aloraieacracks. as defined by the Long Teim Pavement 
Performance (LTPP) Detress Identilcatcn M3nu3.\ (SHRP 1993. FHWA 2003} ThE type of 
lattgue ciackJng fiistshov^ upas short bngitudinalortrans^rerse cracks In the wheel palh Ihat 
quickly spread and become inlerconnected to lorm a cracking pattern defined as allc|alor 
Clacks The folbwing b the dellmlon olall^alor or fatigue ciacks (measuied on an area basts), 
as included in the LTPP Distress Identification Manual 

"A s&rf9s ot mtGrcortrtGd&d cracks m Gsrly siagQS ot dQVQlopmorti D9\/9lops info 
many-i^etf. shaip-ang^GdpfQCG^, usuRify ^9Si than O.Sm (1 flj cv? ihG lorfQQsi s}d9, 
chsractGHsiically wif? a chicken mfo/allgalor p^tt&m, jn Jatersfagej " 

Fatc|ue cracks Ihat inltiale at or near the surlace of Ihe HMA byeiand propagate downwaid 
Ihrough the HMA layers aie believed lo he less common ThB type of ^tigue ciacklng is 
kmgrtudlnal cracks Ihat occur adjacent lothe tries ThB type of kxid reeled cracking ^ 
characterstc of one lo three bngltudinalcracks In the wheel palh Ihat are not interconnected, 
and ts leferred to as Longitudinal Cracking Wrihin the Wheel Path {LCWP) by some agenc^s. 
Crack dete relation occurs with continued wheel fcodlngs. but this lype of cracking does nol 
exhlbn the alligator cracking pattern LTPP recognized ihB dillerence andestaUshed a 
separale d^treES category As defined in the LTPP D^lrass Identrftalon Manual Ihe definihon 
for these cracks e given tek>w 

'X^rackA pfGdomiTfantly paratiGl io ih9 cenfefl/ne andmif?fn wh99ipsif? v&rsus non- 
whGGlpaih ' 
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11-2.2 MECHANISMS OF LOAD RELATED CRACKS 

II-2.2.I Bottom-Up Fatigue Cracking - Alllgaror Cracks 

1_c^ relalQd cracks thai mrlBlg al Ih9 bottom <X lh9 HMA by^rare characl^nslEolall^aloror 
ar9a cmcks The Iyp9 olciackjng slarls as short longitudinal ortransv^rs^ ciacks in Ih9 wh99l 
path and prcgr^ES to an alligator-cracking patt9rn (lnt9rconn9ct9d cracks), and b a result of the 
f^peated binding of the HMA ^y^r under tralfc The pavement and HMA layer deltcis under 
wheel t^sthal result In tensile sliainsand stresses at the boltom of the ^yer Wilh conllnued 
tending, the lensil^ stresses and strains cause cracks lo initateatthe bDltom of the byerand 
Ihen propagate to the surface As t:ending c<>ntinues. greater tensile stiainsand stresses and 
fewer numbeis of repeated wh^el k>adsare required to cause the ciacks to inrttate at the tx^ttom 
of ttie tiyerand propagate lothe surface The foibwing brielly iBtssome<>| the reas<>nsfor 
htgherlenslla strains and stre^estonDccuralthe Eotloni of the HMA ^yer. 

« Re^lryeiy Ihin <Hweak HMA ^yeis for the magnitude of the wheel ksds 

* H]gherwh^el k>adsand higher tire pressures 

« Softspots or areas In unbound aggregate basa mater^lsor in die subgrad& soil 

« Weakaggregale t:ase/subbase layers caused by inadequate compacton or Increases in 
motsture contents. 

11-2.2.2 Top-Dow n Fatigue Cracking - Longitudinal Cracks Within Wheel Palh 

As noted at}ove. mc&tfal^ue cracks inrtBte at Ihe tuttom <X the HMA byerand propagate 
upward to the surface of the pavement However, there ^ Inci^asing evKlence that suggests 
^ziad-related ciacks do initiate at the surface and prop^ale dow!iward There are vaiK>us 
opinons on the mechansms Ihat cause these types <>| cracks, but there are no conclusive data 
lo suggest that one ^ more applK^b^ than the othei ts Some of the suggested mechansms 



* Tearing ol Ihe HMAsurlace mixlure Irom iDdal lires with high conlaci pr^ssuies near 
Ihe Qdge of the dre. causing the ciacks to initiate and propagate Ecth In shear and in 
tension. 

« Severe aging of the HMA mi>:ture near the surface lesultlng in hc|h stiffness and when 
combined with h^h contaci preEsures. ad^centtothe lire tads, caus^ Ihe ciacks to 
inlttale and prop^ale in shear 

* Tlie combinainn ol wheel ksd induced tensile stresses and slialns witli the diermal 
stresses and strains thatcccuiat ihe suiface when the temperature decreases causing 
Ihe Clacks to InitBte and piopagate in tenson Aging of the HMA surface mixture 
acceleialesth^ crack initalDn-propagathon process The stilfer (moie t}rilt^) the 
suiface in combination with the higher tire pressures and greater temperature changes, 
the laigerihe tensile and shear stresses and sliainsand the fewei the numbar of wheal 
loads tocause the ciacks to InitBte at Ihe topol Ihe ^yer. The following lists Eome of 
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Ih9 r9asons<Hcondrlons under whK:h load-rabled cracks can iniluil9 allhe surface and 
prop^al^ downward: 

H\Qh Inland c<>nlacl pressures and-br heavy whe^l loads. 

L^ HMA gy9rswrth ^rg^ modulus gradients- hgh modulus airhG sufIecg (b9caus9 
ol aging orsudden ^rge dro[:G in temperature) thai decreases with deplh 

o CcmbinalKn of ihe rnia I stresses wiUi those induced liofn wheel loads. 



11-2.3 LOAD RELATED FATIGUE CF^ACKING PREDICTION MODELS 

TraditK>nal ME approaches Ihatare used todesgn <Hevaluale fle>:il}fe [a;>emenlsand mixlures 
are Eased on the inilal pavement response paiameterlo determine the numberol bad cycles 
toadelined e:^ntand severity lavelol fatigue cracks. Tensi^ strain ts Ihe mosi common 
lespcnse paiamelerused lo predct a II galor cracking, however, tensile siressand the ma>:imum 
surface deltclnn have baen used. Tab^ 11-1. from the Maternal Highway Instilute Course 
131054 (NHt 20021 lists and compares some ol Ihe more commonly used predction mcdeb 
using a basic pavemeni response parameter 

Nearly all of these mode^ have been devebped and calibrated wrth the assumplon Ihatthe 
fattgue ciacks initale at the botlom of the HMA layer and propagate to the surface wrth Ihe 
exceplHDn of the MEPDG This assumplon may ba Incorrecl lorlhose l^xlble pavements wrthi 
lhK:k HMA layers grealerlhan 250 mm (10 inches) McGtol Montana s roadways have HMA 
1hK:kneEses bssthan 250 mm (10 Inches) 



11-2.3.1 MEPDG= Load Related Fatigue Cracking 

The MEPCKJ predcts tolh bottom and surface imtated latgue cracks (refer to Table 11-1) using 
an increment I damage index approach II ^ Ihe only desgn/analysts procedure that uses Ihs 
incremenlal damage index approach for predcting bottom and surface initated fatigue cracks. 
The meth<xlotc|y assumes that Ihe same mechansm results in tclh typas of fal^ue cracks, 
whch tssimi^rtothe Asphalt Instilute equation for tcltom imtated latc|ue cracks {refer to 
EquatDFi 11-7) 
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Table 11-1 Comparison ol HMA Fatigue Cracking Equallons Using hlechanistE PavemenI Response 

Parameleis (JV^; 2002) 
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Thg MEPEX^IalguG cracking predclDn m<xl9lwas calibial^ using ov9r IOOIqsI SGclcmslrom 
IhQ LTPP program Gonlirmalcm ^ Ihe mfichanEm ItHsuiaca inilBted cracks. how&ver_ has 
yGl lo te compl9t9d Tr9nchGSW9r9 not ussd wilhin Ih^ calibralK>n process loccmllnn the 
[Jii9clcin ol orach pro[:^alDn The MEPDG catubles Ihe numl}9r<>l a llowibl^ strain 
applcalcmslorlhe Incre menial damage index appnixich using EqualKn ll-l 

Wffere- 

E = D)ff£^mrc fMxdiifui ^neumr^ ft? io*r\fyreiiroii. 

t/j, i(j2r V = C{ob^flfi€i^ calftf-criN}^ pcTra}?\^£'rs ifri^m fh^^CURF fr^^j^f i-^A(AJ^A 

J/?i^ differ /^frrajHFff f J reit\^rff£d 2ifK htm^eJ). 

L£^an?r ituxf}it6' ip^IJii Jf6fld i£^frhr^Iiof? j7ur£^m^^i^ a^t s€i io f OdiinsA^ ^S?e 

NCfiRf' 2006). 
jW= 



V/./^/M^iJ = 



4i*l — -<KM I 



V„ = I^erc^Al Air Void ^t^im^ in ffAf \ fm\l2ir£' 
V^ = f*er<.^Al aspfh^fl vxx^ifruritA fiSfA t?\fKiur^ 

For boIUxt?\-iip o} ^tiiji^Uxr rr^rUn^ 

^' U-003602 " 



0-000398 



"'"I+^HI^-'-^'JqilhJ 



For Ti^-itf?vv ff or i^w?j^ Je^^jfj^J ct at tJiig 

I 



C. = 



-w 



^mL\= Toiot /iM\ ififch?i^irmcff€i 

Tha mere menial damage index (Dl) b calculated lor each ax^ kxid inler\>all<H^ach axia ty[B 
and Truck type thai ^ applied wilhin a month that tssubdivd^d inlofrve average temperatures 
The cumukitr/e damage u^dex £ determined l^y summing the jncismei^tal damage lndK:es [lefer 
loEquatcin 11-2) 
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Where. 

j = Axie ^oad mlen'^i 

m = AxJe loiJil \}pe isln^i^^ fmacfc-irt. Intern, ijiiodr or sp€v:ial trxXe cfmfr^uralr^m. 

i = Tructciype2iirt?ji Iffe Imck Ll£^isifi<.Qlron ^r^tups ftKiiidcd rf? IS^ J^Ef^DG 

p = SfotAlff 

The MEPCKJ ca tu tiles Ihe amounl<>)allgal<H area cracking and IhQ lenglh on LCWP bassd on 
Ihg incmmGnbldamage index Ihal are summed wrih lime and drflerenl lmckh:^ings (Equaln^n 
11-2). Differenl relalKDnshipswere devebped between Ihe amounlsol cracking and damage 
IndEies EqualK>n ll-S b Ihe rekilnnship lo predclarea alic|alor cracking based on lolal ^ne 
area, whi^ Equalcm 11-4^ Ihe rekiliDnshipIo predi:^ ^nglh<X bngrlud ma I cracking In Ih^ wh^el 
paths. 

Botlom InHJaled Fatigue Cracks: 

Wlxere: 

^^tjuw = ^>JJfl'n iiifif£^I^ J^iijii^ cr^^cks. 

C4 = Cahhr^ r jV J ? f c tyefJii-iexA ^i f?f6, OOO 

Ct = CQhhr^Jiof? ct?i.^Uie}Ali f?f I 00. 

Cj' = -2c;. 

^Fjjw^ = Tol^i fiSfA iS^rckiieis. 
^fbfr™ = ^yX^off\ si^'ret?\e*^al di^m^gi.^ index. 

SurfaM InMhfcd Fatigue Cracks: 

Wliere: 

fCjwy = Siff)^e{iop)ftniA^Ie£ffaIfgiiec*nL'ki 

Cj = C^tihri^Ir^m <x}6^CT^f\s ^^ S.VOO 

C^ = Ccriihr^Alfo^i <x}^fLT^fSs <]f 7.W. 

C2 = C^tihr£^Ir^m <:o6^CT^fIs <^ ii 

^Jl^h-^ = ^^^ ycfr\enl^i ii^fM^^e tt^ex 

The MEPEXIi has Ihe ca[abllrly Id predcl Ihe faligue cracking of cemeni Irealed Eases 
Monlana has builland pbns loc<>nlinue building Ihese CDm[csil^ pavemenls. Equalnn 11-5 
provides Ihe equalii^n used localculale Ihe numl:er<>l alkTivabla h:ad applicalbn for Ihe cemeni 
Ireated bases and EqualKDn ll-€^ Ihe equalnn reeling Ihe incremenlal damage Index Id Ihe 
amounrof falgue ciacks exhibiled allhe surface of Ihe HMA ^yer. Unfortunalely. Ih^ 
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predcljon mcdg I was nol calibrated under NCHRP Pro|Ml 1-37A ^'dfi^^OTTa-£^>orwllhl^ Ihfl 
re-callbralDnw<Hk compiled under NCHRP I-40D (NCHRP 2006) Seclons will need lobe 
used localibralo Ihts predctKDn mcdGl lo Montana's ccndilhDns and materials 



^ 



= 10 



^AH^ 



r,J. 



iiI-5> 



Wfere: 



^^ 



Mr 

f^2 



Fd^Fjrff iIr6fSK £^Iifh.' h^MItym of rijf CFfl iayer^ psi, 
^foihfiifs oj fifplifr^for I fur CT& f^y^r, pn. 



^^CT. = ^^L 



U,-'-Hli"cr.U 



<W-6| 









= C£^frhr^\io?f ct?€!Ji<.ienIi fjf I ,OtX} 

= fiicr€t?\6'f7taf dat?\^/[e index Jo* Ui^' CTB i^}6fr^ psi 



11-2.3.2 Aaphalllnsmute 

ThQ Asphall Institute developed a lal^ue-ciackjng pr9dK:tK>n mcdel based on constani stress 
criterion using Ihe Amercan AEScciaton of Slale H^hway OIIcbB (AASHO) Read Tesi data 
(Af ^9S3,199f) The predctcm equalhon v^s based on using Ihecumu^tiv^ damage apprcach 
lor an alligator cracking l^velol 20 percent, whhzih b giv^n by Equatcm 11-7 {Ai i99f) 



J^. =0 00432C f 



-,-] 



[^y 



K1^i 



iii-7> 



Wfxere: 






4i*1 — - — -aft? I 



V^ = /*tFH7ijf .iijj/pfT^r '\t?iiim^ m fi^f \ fmxf^ite. 
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ir = Te^uiie Llri2jnaIIhe bol^o^ of If^ UMA iayer 

11-2.3.3 Shell Inlernational Model 

ShGlld^v^ loped 3. lalgue cracking prEdclon mcd9l iSh&il 1978), Equalon 11-8. similar Id thai 
of Ihe Asphall Inslitutg. bul using a drflGrGnl ^v^lol cracking aslh^ definilcm lorlalc|U9 failure 
(60 [srcGnL) 

^^ =0 06S5[£:, }"'*"(£) ^™ ill-Sf 

Wfiere: 

Shell developed S9|:arale equalKDnsfordelermining Ih9 t9nsil9 sirain lorbolh conslanl sirgss 
and conslanislmm condrlions. The conslanl slress and conslani sirain 9qualK>n5. based on 
146 lal^ue curves covering a wkle range of mi>:lure5. asphahs. and lesling condilcms. are 
shown in Equalhi^ns 11-9 and 11-10. respeclrvely 

f, ={4-102F;-0 205F;V,-hL094V, -2 7807)5;''*;^"" itJ-9i 

f^=(0-300P/-O(H5F;V, +0-OB0V, -0 I98)5;"'W' (fF-fOf 

Vi = Fert-^^£^^6't?f!?Aiifit\£'t7b'\ i^jfwjrt^rfl Jh^lFMA layer 



11-2.3.4 Probabilistic Distress Models lor Asphalt Pavements 

ProtabllKlc DKlress Mcdefe lor Asphall Pavemenls (PDMAP) devetopad by Finn elal 
(i973, J9^>BacDmpulerprcc|rim Ihal pr9dK:ls Ihe amounlof faltgue ciackjng expecled in a 
giv^n pav^menl under spec ilcenvironmenlal and IrafltccondilKns. The lalc|ue mcdel was 
devebpad using aselof laboralory fal^ue curves as a basEfn^r crack million and applying a 
shifl laclorlo correlate Ihe latoralory resulls wilh Ihe AASHO Read TesI The laboralory curves 
used were firsi devebped by MonEmilh elal ^/972Jforan HMA mixlure wrih Irye percenlair 
VDKlsand six perceni asphall by we^hl Through Ihe use of shifl faclors. two lalgue equalK>ns 
were devebpad lo predK:llhe number of ksd applbalons required lo cause ID and 46 parceni 
area faltgue ciacking (a II c|alor cracking) are shoivn in Equations 13-1 1 and 11-12. respeclively 
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f^jfA^^r 10*1= 15 947-3 291 ^-7j I — :^ l-0-E54/y^ I — 3- 1 (f^-fi) 

I.^jjrjV|45'^J=]6 0S6-3 291I^jf -^ -0 S54Ia7£ j (If-I7> 

E = fiifli£^f ieji'fiie jrrmjj j^f Iffe b^MIom oj U16' fiSfA iayer^ JJi/7fl 



11-2.3.5 FHWACDslAllcx^atlon Sludy 

A Fad&ial Hghway Admlnrslralhui fFHWA)sludy cslcoslalbcalons lor pave men' damage 
lunclcms. lound thai the lalgue conslanis K, and K^ were relaled lor manyol tn9 latgue 
f@^lionshi[:G Ihal had teen devebp^d using bolh ccmslanlslrain and ccmslanl siress lesb 
ffiju'vufefjy I9343^b}. The FHWAGcsl Alkxalon lalguecracking ralaljonshipadopled Ihe 
PDMAP lorm ol Ihe equalon. bul combined Ihe resullslrom many laboralory lalgue lesls Thrs 
sludylnDund Ihal Ihe coaffE^nland response exponent ol Ihe ^boralorvand I^U lesl results 
were reeled Thai re^tonship telween Ihe cnikellcentsand exfcnenlswas used in developing 
a more unrye isa I lalgue equaicm [Equath^n 11-1 S). whk:h s given balow 

N^=KS^J' (If-13} 

Wx£fre. 

A", =l-75-0-252[L£7fi [ ff , }] 



As pari ol Ihe bigue cracking predcron model. Raiihut elaP fT9S4aJ>J lound more tlian 40 
lest seclDiK Irom roadways around Ihe Uniled Stales (US) with sgnilcanliy different site 
lealures were used lodevebpa relalcmship between Ihe damage inde>: computed with Ihe 
above lattgue equation (EQualcm 11-13}. and observed cracking on Ihose leslseclions (ffauhui 
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9i 3! 1964b) Th9 conveison <Xlh9 pr9dK:l9d lalgue damagg Id p^rcgnlarga cracking (Easgd 
on lensi^ slralnsallhg tcHom ollhe HMA kiygr) b shown b9bw in Equalnn 11-14 Ths 
^qualbn sapplK:abl9 lolalgug cracking argas olOlo 50percgnlol Ihg whggi path arga 



4=0.191^)1''""^"" 



Ili-Mt 



■V = 



.VI'Rtilt'r t FOE hi'x. percc/f of •vl'€€! jtillf ti/eir. 






'iwt 



= ?^imher oj atlifij^ aitJMi^aih'e €vjw iule^^T SAiigie a^fei ff?£^ds vvilftiii^e.t. 



1i-Z.3.e Asphall Aggregate Mixture Analysis System 



The As phall Aggregate MixlurgAnalysE Sysigm (AAMAS) adopled Ihg PDMAPand FHWA 
Ccel Alkxalon lalgug cracking rglalKDnshipel<HgvaluaUng and dgsgning HMA iiiExlur^s (Von 
Qumtui gfjJ ^991} These lalc|U9 cracking rablh^nshipe. howevgr. v^^re m<xlrf»ed Eased on 
HMA mixlurg propen^s Irom the indirecltensis strength and rgsilent modulus tgsts. Equatbn 
11-15 gives thg re^lionship usgd lomcdily thg PDMAP latc|ue cracking labthDnshipfor 10 
percgnl allgakH cracks (Equalon ll-l I) using lesulls from Ihg indirect lensila lest 



L^AN^iT,)=l5S^l-iC^[ij,iE^T,)]-C^i^iE,{T,} 



ilJ-i5} 



Wfxere: 



= J*^Uat I6't^rf^ ilr£^ff ^i U\e htJTTfjm qf If^eHMA fayer, i*^ii. 



= K 



r, = n^ckiieisojiay^r i. 
7j = TTh ckiieis qf tayer ?_ 



Equatcms ll-1&aand 1Gb give thg relatcmship usgd to mcdify the FHWA Ccet Alhxatcm latc|ue 
Clacking re^tiDnshipfor 10 percent alligator ciacks [Equath^n 11-15). 



La^N^[r,]=Lo£ 




-A- 



riT^ 



L 25-0.252Lo£ 






-' "h 



t,7S£,(r,} Ill-i6af 
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0_ I867[t^^ff£:. [Tj 1 - t^^fif . (rj] = 



^^g^M' 



i^s^.(r,: 





itJ-i6bt 



T 

fprr 



c = A^ 






£o££,[Ti)-£^tjt, 



(r.)J 



F^urg 11-1 shcn^s rglalKDnship^ b&twGGn Ihg r9sll^nl modulus and l^nsit sirain al lallurg 
in9asur9d wrih Ih9 iiHlir9cl Ighsi^ slr^nglh and rapaal9d kxid IqsI Ihalwss d9veb[»d by Von 
Ouinlus. 9lal f^f^P/Jlorbolh Iha FHWA Ccsl Alkxalcn and PDMAPIalgue gqualcns flO 
j:ercenl lalc|U9 cracking) Th^se rglalonships dGnlilylhe minimum Ignsil^ strain allailur9 lor 
drnarantmcdulus values (Drl9m[>aralur9s} Ihal m99lDr9xc9ed Ih9 Ial»gu9 IiIq lorlhes? Ial»gu9 
equaibns A larg^rlGnsi^ strain al lallurs I<h Ih9 Eam^ rasil^nl mcdulus implies a bng^r 
Jal»gu9 llfg or a more lal^ue rgselanl mi>:lur9 Us9 ollhas9 laboralory last results permits Ihg 
fal»gu9 r9kiliDnshipto bQ adjusted lors[»crfK: HMA mixlur95 

Tweh/g differenl HMA mi>:lur9s and proiKis were used in Ihe AAMAS pro|Kl lo evaluate lh& 
i^aEcnableness ollhe lal^ue equalcmand Fgure ll-l ThQ evalualon prcc9ss was ^ter us9d 
wjLtiln llie LTPP prcgram lorc<>mcaring Ih9 predcted lo measured la^jgue cracking lo^ manyol 
Iha LTPP General Pavgmani Seclons (GPS) ^'y^?a QivjnfiJ^ snd K}ll\ng.^v\^fln ^993} Adequate 
c<Hrespondence was found batween the predclionsand ol:eervalK>ns E-tiwever. tensile strain 
al failure and lolal resileni mcdulus values were unavailable lormoslolthe LTPP leslseclnns 
The values used in the compar^<>nswere eslimaled based on ^UFr>ebt:and mixture 
compcnenl properl^s 
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Figuie 11-1 Relationship betweeTi tensile strain ^failure and Indlrecl tensile 
total resilient moduJus {ton Qiiifi^ufetaf. iS9iX 



11-2.3.7 Virginia Research Council 

G- W Maupin. wilh the Virgin^ Res9aR:h Council dev^bpsd a laltgue r9kilK?nship (Equalcm II- 
17) from laboraloryllGxuralconslsnl-slrain lalc|U9 l9sls using sup[crled beams- whK^h ^ given 
telowand EsimiSrIoolher lalgua sirenglh relalonships (Maupirt and FfQoman i97S). 



^y=^A^. 



{fF-l7} 



Wlxifre: 



^ = 

^? = 



/"frrj jr^ ^ujjf r^FFF- 



Maupin and Freeman (J^^i&^lound thai Ihe lalc|U9 constants in Ihe atxuve equatii^n were reeled 
lothe 19 nsil& strength measured from the lndire{:t tensile tesL The resulting relatcmships 
tetween Ihe fattgue conslanis (Equalion 11-17) and Indirect tensile strenglh aregr>yen in 
Equatcins 11-18 and 11-19 
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Wfxere: 



II-2.3.C Transportand Road Hesearch Laboralory 

Th9 Transfcrland Road Research Laboralory fTRRL) dQvetopad a lalgue-c racking mcxlQl Ihal 
i^^lGd lalc|U9 cracking lol9nsil9 slnm allhe bottom ollh9 asphalt canciQle byor (Pow&^l &i 
Rl.i9S4) ThB mcdGl dc9s not consKl? r asphalt concrgte mal9r^l pfCiporlES because th^lr 
influences on the predictK>ns were lound to te negligib^ The TRRL mcdel b shown in 
Equatcin 11-20- 

11-2.3.9 UMnols 

The lllino^ [K>T lull-depth asphall concrete desgn procedure uses a mechan^lE-empircal 
apprcach devebfed at the University of lllinoE_ Using the previous equation and ILLI-PAVE 
derived algorithms Thompson devebped a translerfuncthon rekiting surface del^clons of a 
(ull-depth asphalt concrete [avementto its fatgue lie ffhompson 1987) The equations lor 
using Ignsi^ sliain and number of 18-kJp Equira^nt Sing^ Ay.\& Leads (ESALs) are shown In 
Equabons 11-21 and 11-22. iDspecLn^ly. 

W^ =5-0TlO"*[f^}"'"* tlf-2h 

Wfiere: 
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J^„=5 6^]0"r ij"^* tlf-22t 

A = Su^^^f^e ^fle^lio^fjor a mf?^f^A^ S(}-kN (JH-iiiyt iftAg^e tnie foa^ \t?]ifst 



11-2.3. 10 Michigan 

Al MK^h^En Stale Urtlversity. Baladi developed an equalcm (Equalon II-2S) lo predcllhe 
1al»gu9 life dI HMA bQs^d on the obeen/^ performance of 10 [avemenlseclcms localed in 
MK:li»gan and Indana (Bsiadi 1987} Tlie predK^Hon equalnn was vaidaled using some of Ihe 
LTPP leslseclcns The pavemenl responses catu Bled willi Ihe MICH-PAVE program 
Includes surface deflaclcm. lensile sirain. and verlbaisliain al Ihe bollom of ihe HMA layer. 
The equalnn rs given bebw 

-0 26iV„+0-9L7fcifi £^ +0 0000269jW^ -[-0964iofi 5, (I/-23t 

Wlxere: 



E^,^^^ R6'siiii.^Al fHixdiih^i ^xj iStx.^ siibb^^^ it\nl^nai, IbJ^tf. 
2 Jor too p6fn.€t?i r^xifixd^ n'\'6'r-deptxKlii^ii frMji^rii^f. 
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CHAPTER 11-3; RUTTING 

11-3.1 RUTTING MECHANISMS 

Rutting s asurlacQ depressHDn in Ihg wh99l pQlhs. and somg amount ol rutting cccurs In nearly 
allflexibte piv^manls TIiq LTPPDstrass Idgnttfcatcn \Aa\Mi^\ {SHRP i993, FHWA 2003) 
dgfin95 rutting as 

''A longitudinal surfacQ d&pr9Siton sn !he \Afh99lpaif? Uutfjng may hav9 asAoaaiGd 
ifansv9fS9 d}splac&m9nt" 

Rutting s caused by inekistc or pkistK: deformatiDns In any or all of the pairemeni ^y9r^and 
3ubg4acl9 Thes^ p^tc deformathDns can b9 Ih9 result of I) densilK^alion or one -dimensional 
cnnpr^sson and consolklation andAn 2} lateral movements or plastic flew of mat^rta^ (HMA. 
aggregate base and subgrade s<>lh5) Irom wheel leads The more severe premature d^lortion 
and rutting failures aiD iDbted to bteral lbwand'<H \ces of shear strength <Xthe HMA mcctura. 
lather than one-dimensionaldensificatGn Rutling ts categorized inio three types and defii&d 
tjy Ihe cause and kiyers in whch the rutting cccurs Each of the different types b summarized 
below. 

* Qne-dlmenspnal densilcalton or verlK^al compreEacm . A rutdepthcaused by materal 
densilK^ation ts a depression near the cenlerol ihe wheel path without an accompanying 
hump on erthersde of the depression Densili::alion ol materals tsgeneially caused by 
excessive airvodsor inadequate compactK^n after placement of the HMA mat. Ihereby 
allowing the mat<H underlying layers lo compact when subjecled totraffH: kxids In 
other words, a lunherdenslfK:atK>n of the mat and or underlying materab caused by 
traffK: Th^ type of nitdeptK usuaUy lasulls in a bwto moderate severity level of rutting 

* Lateral Ibw A ml depth caused by Ihe kiteialfbwol materal b a depressK>n near the 
center ol the wheel path with humps on either skle ol Ihe depressK>n The type of nit 
depth usually results in a modeiale to hc|h severity ^velof rutling Laleialfloworihe 
plastc mov^menl of material will occur in Ihcee mixlureswilh inadequate shear 
sirenglh or by an Insulfc^nl amount ol lolal vdkJs in the HMA ^yer. Vodsof an HMA 
mixtuie in the range ol twD pen:ent<H le^ r^htallerconstmctunaie suscepllble to 
bbralllow. t:ecause the iowvods allow the asphalt to act as a lul}ncant latherthan a 
binder during hoi weather Over-densilK:atKDn ol the HMA ^yerl}y hea^^ wheel izads 
can resun in l}feeding or flushing on the pavement surface ThB type of rutting e the 
mcGt dill cult to predii^and measuie in the ^tsiatory. 

* MechanKal Delormatpn. A thud lypa ol ninlng rsdensilcatcn and/or Steial movement 
of the untxsund materals t:elow the HMA surface The type of rutting has been referred 
to as mechanH:aldeformatK>n MechancaldeformatK>n b a result of sutsde nee in the 
t:ase. subt:ase and/orsubgiade and ts usually accompanied by a bngrtudlna I cracking 
pattern at Ihe pavement's suiace when Ihe HMA surface mixture b stiff (le . h^h ebsic 
modulus) compared to Ihe underlying tiyer^ These bngrtud ma I cracks gene rally occur 
in the center and along the oulsde edges of the ruts 
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JJ\gs\ me based analysts prcc9dur95 use acombinalcm ollwolechnE|U95lDrevaluallng the 
nitling polenltaloll^xIblG pavements and HMAoverkiys. On^ lechnque Elopr^dcl Ih9 plaslk: 
delormaliDn in each paving layer and sum the individual by^r rul depths lor the lolal rulling 
fneasured al the surface. The 5e{:ond lechnque ts tsised on limiling the elasltc strains in the 
unEcund ^yer^ Th tsseclii^n ol Ihe dccumeni tsdrvKled inlolwo parts: rul depth or plastc 
deformaliDn in hIAA mixtLirGS and unbound layers. 



11-3-2 TYPES OF RUTTING PREDICTION MODELS 
II-3.2.I Layered Permanent Strain Approach 

In thtsappn»ch. the permanent ir9rtca I strain s determined in each kiyerof the pavemeni 
siructure as a lunclion ol Ihe number ol repealed tad applK^lons ThB vertH:al strain b then 
fTiultipled by the tiyer Ihchness lo obtain Ihe permanenldeformatK>n of the layer Th& 
^srmanenl deformatK>ns of Ihe varK>us byeis are then added upto<>blain the total rutling at Ihe 
surface 

Varois modeg that determine the accumulalon ol permanent strain wilh the numhernDl wheel 
ksdapplE^lons and strucluial kiyer have been evaluated by Barenherg and Thompson (f^2f 
The Bare n berg -ThompEcn study concluded that the equahons<H m<x]e^ renting the kig of 
i:ermanenl strain lothe log of wheel bad repetiliDns were Ihe mcsl approprate. These modeb 
lake the folbwing form [Equalcn II-34-) 

fT.fi = Regf6fisuxff 6oeJJic}€iiIs. 

Tocatu^te the permanent delorrnatcin fiom Ihe permanent strains. Huang suggested the 
foltowing steps (Huang ^993f. 

* CTVKle Ihe pavement structure into a numberol manageable byeis and estimate the 
vertical and radial stresses at Ihe md-he^htoleach ^yer 

« Using the applied vertK^al bad as Ihe vertK^al stress and Ihe radal lead due totha 
appled kiad logetherwrth Ihe overburden pressure as the confining pressure, conduct 
repeated kiad tests lo determine the permanenl sirain in laboratory samples that 
raprasent leld materat 

« Compute the permanent deformatK>n of each layer by multiplying Ihe permanent strain 
wrth Ihe kiyerthK:kness 

« Add the permanentdeformathDns over all the layers lo obtain the rutting at the surlace. 
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11-3.2.2 Plaslic- Elastic Vertical 5 Ira In Ratio Approach 

AnDlh9r approach Ihal has bQ9u used lor predK:ling the rutting in dIffGrenI layers ^ lermed the 
plaslc-el^K: or r^sili^nlsliain ralo The conslrlulive relalcmship us9d s bos^d on the 
slalBlcalanalvsB ol laboratory rejieal^d bati p9nnanentdGlorTnalon t^sts. The mcdel form s 
simibrtothe c^ssbal [xmer mcdei. but determines and evaluates Ihe rasulLing permanent 
slmin as a percentage of the res il^nt strain. EquatK>n 11-25 



j^jfJ ^tm^ r^\e of io^f?^ 

a.h = Wwj-^JFtev?^ rc^rx-^ifon coffJfftfe^^Ti 

Whila statistical re^thi^nshlpe lorp^tc strain can be determined for HMA mcfluresfrom 
laboralorv repeated kiad tests, a feb adjustment or shift faclor. ^. is required lo provde 
reasonaljla corre^lK>ns t^tween Ihe predicted rut depths and ftekl observatiDns. As a 
consequence. EquatHi^n 11-25 takes the form of EquathDn 11-26 [ll-26aor II 26b): 



or 

athi ftJHf r^Je of to^f^g 
Urh = Wmj-ij?teV7^ r^greisfoii cwfffcfe^^Ti 



11-3.2.3 Permanent Strain Rate Approach 

Arr alternative form <X ihe permanerti axial strain mathematical mcderiias been used toevaluale 
Ihe rutting potenl^l<>| flaxib^ pavements and mater^ls The malhematK:al lorm used lo 
characterize the pbslk: strain perh:ad rep&tltcm. l^^, relatcmshipcan t:e expressed by EquatK>n 
11-27 (ll-27aor ll-27b)_ whk:h e a mcdifed lorm of the cBsscal power mcdel frelerto Equathun 
J I- 3S]. 
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— -=F = iIJ-27a} 

or 

£:^=afcjV'*"'' itJ-27bt 

Wfiere: 



In the p^lc strain per k:^ rep9tilK>n atov9 the r9slli9nl strain, i . g9n9rallv tsas5um9d to b9 
lnddj]9ndent<>| the load r^petilnns value. N ThQ ratK>of plastic loiesil^nt strain com[ci»i^^ 
alth9 materQl in question can be dellned by EquaLon 11-28: 




(fI-2S} 



fT.fi = Reg*6'isuxff LreiPtii-^iIs. 

/^ = ^it\b^r t?f repealed axi^ UKrd apiytii£^irtyMi. 

The malhematcal lelafcmship in EquatK>n II- 2% ts further obtained when applying ^9 
alomonts 9xpres5ed In Equatcms ll-29baiHl ll-29c 



Wlxere: 

/£ = A\ sWh ^piyii6£^Irt?tA, itui f^ i a s ^ff£ pi^rffMJt^^iI deJon?\^iuxt? ptrrat?\6fl6'r r6fpr^i^?\ing ihe 

a = f^iTfM^fTesA^ ii6Jof mtrJiof? pan^m^^ r^K/rtfrrjjj^ IS^^ rale ^xj dx.^ rx.^a^i' rf? p^f mwA^fi 
d^^of m^Jiof? ^1 tff6' fmmher of ixx^fii ^PixiiLiAlrt^Ai rt?Lrx^ase. 
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IVTktf- 

c^uI^?f\oJpropofIroihiiiTybeT\¥e6f9fp^T*r\at^^iIiIrijrt?£^f?£ii.^asIi£. jJnudJj fd-F . /j^j^jJjt" 
a = Fi'f mwA^fl di.y^xnt\£^irtm p^r^itwiiT f^k'^fiufg ffre r^^^ rfd^rrecTK^ fn perit\^iie*?t 

^r = Ri^irff6f9f\sirmnoJlS^£AifyfKrtTit\nI^n^i£^i^Pi??cifo?foft7\ixhireprop£riiei, 
I6f*r\iy£ralur^, i^^hf iifne rule ^yf ^oadu^g 



11-3.3 HMA PERMANENT DEFORMATION MODELS 
\\-3.3A MEPDG= HMA Permanent Delormation 

Th9 apprc^ich pr95Gnl9[] Irt ^g UEPEXIi ts tased upon incrgmgnlalnildgplh Rutllng rs 
eslimal«l lor each sub-s&ason al Ihg md-dgplh ol&ach sub-Byerwilhin Ihe [HvemQnIsyslem 
Thg [srmanGnl dglormalcm lor a q\v9u S9as<>n b Ihg sum ollha pgrrnangnldelnDrmalDn wilhin 
eacli layer II SQxprassed maIhGmalcally in EqualKn ll-GO 

Wlxi're: 

ffjifbf^yen = ^fnb^r t?f sii!?iay^rs. 

ft' = JfrliifTi.'!^ tyj F}ihiay^r r 

PGrmanenldelormalhi^n b catufikod laraach bad kav9L sub-saason and monlh in Ihe analyse 
percd. The permanenlor plaslc defonnabon piedclbn models included in Ihe MEPDG ts 
based on work conducted by Lsahy ffSaSJ. Ayres ^rS97J. and Kalotish (200^) T\\q inrlBlwork 
conflucled by Leahy was tased on ZB60 parmanani sirain dala coinls iiG^hyf9S9f. Ayres re- 
analyzed lhG<Hginal Leahy dala plus addilbnal kitcral<HV dalade;>ek>ped al Ihe Unr>yersrly ol 
Maryland (A/era ^997). 



-24 






Addinnal work was conducl9d al Arizona SlalG Univgrsity by Kabush (200!) 3.n6 Wriczak. gl 
al- f^aitefund9rNCHRPPro|9cl9-l9oHhe Superpive Mcdabconlracl. which was adopted 
and includgd In Iha MEPDG procedure (K^lou^l? and Wilczak 2002} Th9 HMA mixlures. 
temp^ralures. and slr^ES ^v^g inv^sl^al^ by Kabush grgally expanded Ih9 data rang^<X the 
variablas inlroduced In the staltslcal mcdeling Kabush examin9d a combined database using 
Ihe original Leahy data in c<>mbinalion wilh the Superpave Mocl9g results. ThEdalal:as9 
4nclud9d a total of G.476 permanent d9forTnatK>n strain data pcinis b9ing used In the regressK>n 
analyst. Th9 fi9h] calibral9d form of th9 linal kib9>:pr9SSKDn sel9cl9d ^r use In the MEPDG b 
giv^n in Equalon M-GI b9bw 

Wfxere: 

ffr = Resih^il fJrarfl. ^"fln^Pf- 

k_ = [C,+C,D)0.32BI96''. H-ijf?F 

C, = O0[72K,,,r-L7JJL^,, +27_425 
D=D€piff heiow IS^ TJffT^rF. in. 
ffrttrA = Toial /iMA ^ffiih^eii, in. 
Kf *rj. ■'rj = Ci<}bai ccriitriiiuT^iJanlofsJrofi^ fly^^^CURr froji^'i i-^A c{?Iihruifon efjt^r? 

k,r=-i44S, irt=O.J79J, L<=i.5fy06. 

Ci<}hai ccriitr^ii f?}i Junior sjrofh lly^^^CIfRr fnjj^'i i-fOD recaffhfcrfio^ £'ffori 

k^r=-iJ54 S2 £^?hi Pfrf f?ih^rj^ iors r€it\^ ?Kvf 2iff£ Ama jtvf 

^r^rf rj-^rjr = l^xc^ff w mf^^xrx.^Jii'id iuffhr^Jio?? loii'tfi^^ffK, ^ff jfJ ^t i.O dun ffg f lie i^Xibinli<y^ 

iJ^mTJjJF^j NClfRf Prtyjet'is I-i7Atf*^dI-tOD. 
N = ^it\ber t^fio^ repelrifo^fs. 

Ji-3.3.2 WesTrack Permanent Delormatlon Model 

The WesTrack models we r9 dev9bped to determine the importance of different mlflure 
propertes and their variance as reeled to rutting in establehing perf<Hmance related 
specilcatcms (Epp^ ef aJ_ 2002} Two mcdeb were devek>ped from the study Level I san 
empirv^i model rekiling mb: properties lo ml depth, whi^ Level 11 s based on ME principles 
For Level I. rut depth ^a lunclion ol ESALs. alrvods. asphalt conlent (penzeni by wec|ht). and 
Ihe percent of aggregate finer than the number 200 s^ve. The Level II analy^B c<>nststs of 
catu^ting the permanent shear strain {|^al 50 mm bebw the su dace, shear streES {r) and 
compreEsr>ye sirain (rK^on top of the sutx|rade. 

Total rul depth measured at the surface ^ expressed as a function of the number of bad 
repetilions by combining Ihe rut depth predicted in the HMA layer and unbound byers In 
simple tiding, permanent shear strain In the HMA was assumed lo accumulate according to 
Equatcn W-HZ {W9sTfack 2000. Moni&m^ih &i al. 2O00) 
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r. 


= aF 


'yX 


Wfxere. 






hi 


^ 




7r 


= 




T 


= 




N 


_ 




fT,ft.t' 


— 



(if-^i 



/"^^rJ^c cr inciaiUc sixear ilnuft of a dspfh of 2 ixicffes ^50 fata) belcw If^ fuij^m:^ 
R 6'g f f f J jVt? F c 'onsl£^ ? F r J 



Th9 limg-hardening prmcip^ \s used lo^slimale the accumulalon <X ih9 in^^lc strains m the 
HMA under in-silu condilMDns by EqualK>n5 ll-GGaand ll-SSb Thtslime-hantening prncipla e 
simibrloihe concept used by Lytlon.elal P993}tor predcling plastic dGrormalKn in HMA 
jTiixlures during Ihe Slralegc Hghway Research Progrim [SHRP)_ 



r.L=-^.|i^.r 



df-SSi^} 



ujfJ 



r..=^. 




r//-^J6j 



Wfiere: 

Or 
AN, 

4 



r 



Reg reisum fOJtJJ^FFf 

NrxitJ?^ tyf load £^ypfrc^\io?fK dun f?^ tli6'f^ S^yuf 

Where. 

Tfie ff^ hfjur oj JraJffL opfytii£^Irons. 



The rutting, eshmatod In th& HMA layer due to ihe sheard^lormatKDn. ^ determine using 
Equatcin II-G4. 



^^...=^.7,., 



(fi-i4} 



Where: 
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2000, Moiifstm^h F? al. 20O0). 



Table 11-2 Suggested Values of ^as Function of HMA Layer Thickness 



HUAIhicknefit^ inches 


Kr-ValLie (Equalion 11-44) 




5 to 7 


S 5 




7 tog 


70 




9 b 12 


B 5 




>12 


10D 





Th9 lolal ml dgplh m^asurgd aF Ih9 5urlac9 olTh^ pav^m^nl rs lh& @s1imal9d ruldGplh from 1119 
HMA layGis plus the ruldeplh from IhG unbound laygrsand sul:gr3cl9 soiLasshowii by 
Equalcin ll-GOorEqualK>n 11-35 



11-3.3.3 VESYS Permanent l>eformallon Model 

Th9 VESVS siruclural r95pDn59 pfK:9dur9 e a Iayer9d elaslr: analysts I9chnqu9 (KGnis J977. 
FHW>> 1978) Th9 mcd&l caFi b9 used as a pavam9ntd93gn pfcgiam. Including pariormancg 
pr9dclK>n mcdgis lor rutting. Ial»gu9. bw I9m|:eralur9 ciackjng. and servcgabllrly 

Th9 VESYS mcdGl us^sa:<Bl rap&alQd bad (crggp) l9sl r9sullslD prod k:I overall nitling ol 
ll&xibfe [sv^mGnls ThQ [aiam9l9rs r9quir9d by the mcd9lare IhG resilenl modulus, rgsilent 
sliain Alpha (Equafcn 11-36). and Gnu (Equalcm II-G7) 

Alpha ts dGllngd as 

a=f-S (ff-^t 

IVTktf- 
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Gnu B d9lin9d as: 

^ = — (If-S7t 

Atph3.E.ndGnu aiBcalcu^led from lhGlri9p&al9d bad |:ermanGnld9lonnalcin I95I (1.9.. Ihg 
sb[B and inl9ic9plol Ihe p9nnan9nld9lorTnalon curv9 and Ih9 r9sll^ nisi rain) Th9 lh9Dry 
assumes thai Ih9 tcianlhmK: r9^liDnship b9lw99n the number ol r9|:eal9d kiads and parmaneni 
sliain ts9ss9nlLally linear ov^r a range ol isd applK:alK>n5 (the sl9ady 5lal9 zone} and can b9 
d9scrib9d by Ih9 cla^K:al power law. Equalcm II-G8. 

Wfiere: 

S = Sfop^" f?flS^^ tiiiccrr ptyr?AtytA oj Iff£ ^oji^nlS?fm<: retalronsfup. 

Th9 VESVS mcdel 9mpk>ys Ih9 delormafcn pro[Hrlr9sol9ach layer in Ih9 [Kiv9m9nlslruclure 
1ocatukil9 direclly Ih9 lolal rutting auh9 surlac9 Ad9lail9d dtscuEscm <X lh9 orcilnal model 
dev9bpm9nl e provkled in olherdccumenls (MoavBnzd&h ot al. i974, BradGmoyGr f9S3f. 



11.3.3.4 Ohio Stale University Model 

Tha Oho Slale University m<x]9l predEls lolal nilling and sd9scrib9d by Equation II- S9 
{Mapdzad&h 9i al 1980} 

TTis 9quarK?n ts^ald lord9Ecribing Ih9 prcgr9SSDn ol rulling in al^xlbla pavement (le . HMA) 
lay9r. 5urfac9 and tiase courses granular txise and subtiase courses, and th9 sutx|iad9. For 
coh9siv9 soils, mdces not vary gr9atly How9V9r A e rathgrvariabfe and e d9[Hnd9nton 
fnalerialtype. r9|:eatedstr9ssslal9. and environ me ntalconditons For HMA. Kh9dr found that 
b (wh9re & =mH- I) eO 22on average and vanes a litl^ wilh chang9s In t9mperalureand 
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-slalG (Khodr 1986). HowGvgr. A w3sdep9nd9nlDn Ih9 r9|:ealed d9vtalor 5lr9ss and Ih9 
HMA mixlura mcdulus Tabl9 ll-S prcyi/Kl95a summary ol lypcal values lor A and m in Ihg Ohci 
pr9dclK>n mcdQl lorruld9plhs_ 



Table 11-3 TypicalValuesDf AandmlntheOhkiSlate Rul Depth Prediction 

Model 



hfoitturs 


UncanfinBd 

Strangth. kPa 
(pui) 


HepflKlBd 

DevtaTorStiei^. 
kPafpBjJ 


M 


A KID"* 


Opinun 


159 <23j 


3*|BJ 
G9 f10> 
103 |15) 


DB6 
DB6 
DB6 


124 
IS 2 
43 7 


, Dptinun ^4% 

1 


90f13l 


3*(Bt 
G9 (10> 
103 |15l 


9B3 
DJ3 
OB3 


17 9 
42 5 

isa O 



\\-3.3.5 Asphalt Institute Model 

Th9 Asphall Inslilule d^v^lop9d an ^ualK>n locatublg Ih9 permangn I strain in HMA lay^is 
Cas9d on variaus mi>Llur9 dQsgn laclors (At 1983, May and Wilczak 1992} ThEQquafcn b 
bas9d on 251 spacim^ns. which werg com[act9d Iron twDaggr9gal9 types {rounded gra^rgl 
and cnishfidslona}and two lypas olasphall fAC-5and AC-30) Equalcm JI-40_ 9mplc^ Ihg 
CAM A program 






(If-fO) 



'^ 

N 
T 

V 

'".IT 



N}if7\h6'r o) i^x^fii f6'pe\iiuxf^ i^xjoiiiire. 
T6^r\iyerali^f6', ^F 

r^rce^U HxihAme cj air voids 



U-3.3.S Leahy, Ayers, and Kaloush and Witczak Models 

Eav9ral3ludi9s conducted by Leahy {!9S9) Ayeis fr997J-and Katoush and Wrlczak f^cW^J. 
havG n9^l9d Ih9 plastic Id e^lc strain model lovarcnis HMA mixture variable The Leahy 
mcdel ts found in Equatcm 11-41: 



m 



Lrtj ^^ =-6-63 1+0 4J5Lo£^ +2-767 Log r-J-0 t[Oao£*Tj 
+0-] ] S log;/ +0 930 tog V^^ +0-50]] log V, 



(fl^h 
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JJie regressio^f c^Hef^fiot^ LO€ffrf}ejiir !r=0 76 

^ = Ri^irff6^f\ sty^In ^xj IS^^ HM \i^y6'r ^i a Jifiit-Irt?tA t?! t?\rj^Iif re properties, 

Ie*r\iyeraliire, £^f?£i iuitc^ rale oj ^oaA^fg 

yif = f^^mber oj axfe Ux^fxi repeJA Pj^wu 

r = A/^"t^"j?^ ^efr\iyeriJliire, °f\ 

^ = Dei^^Ionc siresi, psi. 

7 = Vsscasfl) XIX TO""!" (i{f paij^f. 

^ifjy = ^e^"?^ LF tTf^^L'^i? t^jFFJtJjf. perc€?fl by '\'otiit?\e 

Vr = Air Lw J i ^JFFr^wf. perfe^fJ. 

From a sonsilriyily analysis p^rl^Hm^ on the m<x]9| L^ahy r9[crled Ihallgmpaialurg was by lar 
Ihg m<£l imporlanl^Qr^bla. Th9 mcdelwas I9sss9nsilrv9 lolhe kiading condrliDns malGral 
Iyp9. and mc: param9l9r^ Thg r9slli9 nisi rain, und^radynamk: rep9al9d kxid using a>:al 
compr9Eson I9sl. was aEsumed lo be r9as<>nably ccmslanland independgnlnDl Ihg numl}9r<>l 
toad r9p9liliDns. WrtczaK el al ^^O^Jdevebped several m^xleg (e g . Equalcms 11-42 and 11- 
A2) thai rellected a fewer numbarol indepandenlvarmb^s used in Ihe above equalii^n. with 
approximately Uie same accuracy 



fe} 



Lh^ -^ =-3-74938-h?0?755Lc.g7"-l-0 4Z6Zlo|^ {If-i2} 

TJie regreisio^f fonef^Jiot^ co^tiejilr lr=0 73 

Wlxere: 

£^ = .^iiit?\iftale^ pi^sisx: sTrmniJi N ojde ^o^ repelflio^fs 

^ = Reirffe^fJ sirmn xxj IS^^ HM M^yer ^i a JifiicIrt?XA f?! t?]ij^lifre properlies, iet?\fy€raiure, 

mjd \Iit\£^ r£^ie x^ it?£^dftAg. 
T = ^ff\ft?g Xefr\iyeralure, ^f. 

yif = N}ifr\her o) axfe Ux^ repe^AiuM^ 



^ 



Lfjg\ LiL l=0-19Bl-h0 404LlDS^ (II-»3} 

TJxe regressio^f corref^fux*^ Loejpcieiilr ir=063 

Wfxere. 

^ = .^\iit7\iftale^ pi^sTii sTrmn al N ^Jilx^ ^o^ repeifii^?fs 

^ = Ri^irffe^fJ sir^In xxj IS^ HM M^yer ^i a JifixcIroxA f?! t?\rj^Iifri^ properties, iex^y^x^Taiurc 

mjd \iix\£^ r£^ie x^ it?£^dftAg. 
yif = N}imher o) axfe Ux^fii rejT^iiuxt^i 

Ayias f^r^TJ suggested Iwoallemalrve mcdet l<Hlhe lalio between pkislK: and res il^nl strains 
as a lunclon <X |>ivovanab^s lempeialure leveland numterol ksd repelilions. Leahy's model 
included sb: predEl<H va rubles kiad repalUcins. lemperalure devBlorslress. i^sccsrly. asphall 
conlenl. andairvoHls. Ayres repined thai Ihe modrfk^aLon was necessary loavod spurious 



]|- 30 



Vohmtll H^FcfcnctlbuiJ 



corrglalon and hc|h inler-corrdkiliDn telwean pr^dclorvartab^s Th9 Iwd modG^ Ayrgs 
suggoslad ais shown In Equalh^ns 1 1 -44 and II-4B 



Log Quadratic: 

log^ =|-277fc6fc+lA5t074Logm|4{-^)]77y640J6640Log\N^-0-09L5Kl^^^ {{[AA] 

JJie regressic^f c^rref^fiot? <:o^f}ejilr k=0 734. 

Log Linear: 

TJie regreisio^f t'on6^^\uxt? co^tiejilr IT =0 725. 

W^xere: 

^ = R^irff67f\ sir^Iix ^xj IS^^ HM Mtryer ^i a Jifixt-Irt?tA f?! t?\rj^Iifri^ properlies, I6't?\ixerahirc 

mjd \Iix\£' r£^i^ ^^ itx£^dftAg. 
T = ^ff\ft?g ^6'miX6'raIuy^, ^f. 



Subsequenlly. Ayeis utilized Equaljon 11-45 in hEd9V9k>pm9nl<>l Prcgram AYMA. developed al 
IhQ Unr/ersilynDl Maryland, dealing wrlh Ihe probQbilsIc melh<xlotc|ylorlla>:ibt [:avemenls 
(Ay&r^ 1997} 



li-3.3.7 Flow Model 

II has teen H^bsarvad Ihal moslolihe mcdels presented above tend lo under-predcl Ihe (rjcrf 
ralKDal hgher numbers ol isd retslilcms Thts has teen atlnbuted Id Ihe occurrence ol lerlary 
Slow {or flow pcinl W^.) where Ihe permananlslrain begins Id increase rapdly wlh an increase in 
bad repeliliDn The under-predH:lK>n of Ihe ruldeplh v^se>:[»cled tecause mcelof Ihe 
legresson conslanis were determined Irom Ihe sleady-slate zone of creep or repealed kxid 
teste Therefore, lo ulilize Ihe devebpad mcdel in a laliDnal range of cyc^s. rl e preleiable lo 
predhzitihe Nr value based on Ihe mixlura volumelrc properltes. binder type, lesl lemperalune. 
and/or siress tevel 

A power mtxlel was devebped by Witczak. elal (2002) ulilizing date from Ihe Lfnryersriy of 
Maryland lo predial Ihe number olcyclas at whtch ten^ryfbw occurs The model was tsised 
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on IhQ HMA mi>:lur9 ^^lum^lrv: prop^rl^s. binder VECcsity. l9sl I9m[»ralur9. and slr9ES \&V9'\ 
Tlie mcdel rsgivgn in Equalon 11-46: 






^ani^n-a i^^j^d jit^p^ 



AfjJ 



-3.M44. . -aTi3l 



(If-^t 






T 
S 
V 

Se 
R 



Air wtfd ^Y^jff^Fr. fy^Ti etAl 



In addiljon. hKlcgram plolsolihe fryrr^ralHDal failure (Ibw] can be d&vebped Irom any 
database Wrih lulure rallnemeni ol these plots, the ii/x.J ratcial lailure can be used as a 
guide for HMA mcdure failure analysts by ccunpanng llie rain predicted lor the mixture under 
consderatDn wtth the d^lnbutHDfi c^theciilcal latio at falluie 



ll-J.3.a Allen and Deen Model 



Al^n and Deen ^'9S0Jdevebped rutting predElon m<x]eg from kiboralory tesling The models 
can pr^dK:t nitling In the asphaltconcrete layers dense-giaded aggregate layers andsutgrade 
soils These mcdels. together with a Italic and tempeialure m<x]e| are used topredEl miting 
and hav^ teen incorporaled inloa computer program callad PAVRUT (s^e Equalon 11-47) 



fogE=C,-^C,il{,^N) + C,fJoRNf+C,<tagNf 



(ff^7t 



N 








Table 11-4 Regression CoefficienEs Eorthe All&n and Deen 
Rutljng Prediction Model 




CddH. 




3 


uhgiHJa 


Co 


-aJMWM"r+D IM1T- IS3C4 -4^1 +[^ Ml +D^i03 v^' ^ r 
-1- 4 1 .40 - DXHH72 T) ' Ida ET ^Q COD73 -i- iH JXIES wh ' ET, 




1 .1 i\a^ ffa) 4 1 £1^ 


c, 


CJISeT* C72 


HS^LNiim ^ 


c. 


-a 1DX3Z -a 14Z 4 OJ?9S |1d(I ^0 


ai]iB w 


~^ — 
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QSMf -OX1D1 
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W - Mn^^tfc ci>nt?fil, |>?fcenL 
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Cg[»ndlng on Ih9 lypg ol matenal temg 9valual9d. Ihg rggrgssH^n ccmslanls [C^ Cjr C^, and 
Cj)aiacalculal9d Easgd on mal9r^land IqsI ccindilhinns FDrasphallconcr9l9 mi>:lur9s. dig 
f^rg^on conslsnisara a lacl<HDl Ihg l9m[€ialur9 and dgvtalor slrgss Fordgnsg-gndgd 
aggrggal^ bases and Ihg 5utx|iadg. Ihg rggrgEson constants araa lactorol ihg ii^oislLirg 
CDfilgnl. Iha dgvialor stress, and Ihg c<>nlining prgEsurg 



11-3.3.9 As phall- Aggregate MLxlure Analysts System 

Thg plaslhc deP^miahon modgl included In the AAMAS procedure was Easgd on Equation 11-24 
wrth rhg exceptHDn that Irtaxialcrggp tests were parlormed todetgrmine the HMA mcdure 
Cermaneni dglormatjon constants, as shown In Eqtiatcins ll-48aand ll-4Bb fVcv? QuinluA e?a/ 

rssjj 

f;, = PiTfitiJt^^iI fJrar^? ftrjj^f J. ft?A?K 

ArhM,fi^ = ff^j^ /"^JJJ tw t^j?FJ?j^^??f/wr rijf iTt¥p ain'e nf Ihe licudy^Tale return 

\^fj p 

^ = ^r+^^ 

r^= /FFJf-tJflr-tJflCTtMJ r^sfXfe^^T or rffco^'€^sd ilr£^rff {?JTer i<}ad release, fn^ii. 

Cf = R^oi'ered sJmn or reloj^^Iio^f diint2g lS?eri^iIper?odofo?fefoaAng eycle^ 

Cj = h^lanlaii6^iii slruft? itbi^mrcii q!\er io^d ^pf/lii£^Irfjt2, jjj^^?_ 

^= Cre6:^y sIrtrixA tHtramred JiirixA^ oiie fo£^d ^fpphcalwff o* <.-}£.ie, AiiJr*^ 

ThQ Ebpe ol Ihg trax^l rspgated ksd [ermangntdglormatk>n tesl{EquatK>n 11-24) was found to 
be conflated to the slope ol Ihg trmBlcrggp-rgcov^ry test The rgkilnnship presented and 
usgd in Lhg AAMAS prccgdurg ts shewn in Equation 11-49 



3-5563m^ 4-£^tj[^ )4-£r?g(l +xl-£r?£fj<0 iT -f^, 



4-5563 



(If-t9i 
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X = J?ftrt L-F^frfiff HiTFep j'flpj r? jpiffTTJfr^W j^^T^rj^ a IxrajQU^ creep — r€^'0'\'er} TeiJ, 

c„ = fnsiat^iat^^fus reirffe^fT or reco^'e^eJ Hr^^f qP^* i<K?d refecrs^, ^"fln^Pf- 



1I-3.3.1D Michigan Stale Model 

Baladial Mchc|an Stal9 Unr/^rsily d9VDb[3d a mcd^llor pr9dK:liiig mtdaplh in HMA laygrsol 
ll^xibfe [Qv^mGn^ (Ba)adi i987). Equalk^n 11-^ is th9 rasull lor pfedkiJng ruld^pUi 

mxere. 

RD = RiffdeplS?, f^ 

T^^ = ,\i'ey^^e atun^f ^efr\p6'nA^xri.^, F 

T^c = TS^ckiieis oj ifie fiSfA t£^y^ , itAcffes 

KVn = XI}2em^\i6 ^TSiOirly 

3^f — Snjface ii€jf^-?rf?njiyr referenced cfmdffioff, r^^ches. 

TBfy = EtpinrrlexA? Tfifthfesi oj lS?e hase^ uh-S^i 

ES.\L = Number £}JW4iN(iN-kip} ESAIj al ■\¥hxcly Iff^rml depih rs hi.^}^^ n^fkuf^i^rd. 

Afji = R^f{fe}?? Jrt/jrtjfwT £}J 7ffe ffAf\ 

£ta^ = Mod}iiifK oj tlie h^^ie. 

s^ = \i^y^^e \er?n:af reiiiiesAl ilr^^ffK 

V^ = \rr L-ojdf- 

Baladi iK>l9s Ihallhts equal on e ba^don limrl^ lekl data and 5h<>uk] ba used with exlr^mg 
caulon. In addilon. Bakidl r9c<>mmends Ihallh^se m<xl9g be r9-callbral9d wrih addilk^nal 1\qU 
data, if us9d lordes^ning HMA pav^menlsand mixlur9s 



II-3.3.I1 Shell InternalJonal Model 

Th9 Shell Intemalonal prccedure uses the compressive creep lesl loeslimale Ihe reduclHDn in 
layer lhK:kneES or Ihe amouni ol nitling. a one-dimensK>na I compression lesl The geneialized 
equaliDn included in Ihe Shell pn^cedure egr/en in Equalh^n 11-51 (Si}9l^ f973}. 



^=cj'.A^^[ <i'-^'f 
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Jh = 



^AC 









Table 11-5 Correclkin Faclois, Cm^ for the Shell Inlernalional 
Pioceduicto PredicI Rutting 





HUAMEiTypr 


Cm 




CHwn 


1 Sznd Sb=tl A Lc3i SoTFd Nf hie:^ 


ia-2J5 


Da 


TX 


LtanbhLrTwn Maidorn 


1B-U 




12-1JI 


HdI HdJIhJ ;>£|ih=iJl 


1^-U 



R9r»al^ unconlin^ orconlin9d axQl permangnrd^lormalcin l95ls. howQVGr. havG b99n us9d 
lodel^rmlng Ihe p9nnan9nldel<Hmalon characlGrt&lcs orparam9l9rs used lor the rutlmg 
mcdeb pravciuslydtscu5S9d ForlhB lesl. Ih9 results are presented In terms of accumubted 
i:ermanenl strain versus numb9r<>l t^lng cyc^s 



II-3.3.I2 Verslraelen Plastic Strain Model 



Vorsbaolen etal rr^^^^^veb[»d a permanentor plastEstrain modelsiml^rtothe Shefland 
Asphall Institute procedures The generalized equatK>n. Equalion 11-62. Egryen bebwand b 
based on repealed bad unconlined or confined traxQl permanenldeformatcm lests 






tll-5Jt 



N 

r 



ttu/i — 



Fr^q}ie?fL} t?f loader ^ps. 
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11-3.4 UNBOUND LAYERS PERMANENT DEFORMATION MODELS 

Meet ME based ruld^plh pr9dclK>n mcdelslDr untcund malGrta^ ar9 bas^ on llmiHng Ih^ 
unEcund pav^menl responses so thai minimal plasltcd^lorrnalcinscccurwrlhin these unbound 
layers Thtsseclnn ol Chapter 11-3 Itsts and overveVdS Ecme of the different m^xlehs for 
predcting p^tK: deformation in unEcund pavement layers and subgiade eci^ 



11-3.4. 1 MEPDG 

Unbound Pavemfit Lavoi*. Models developed by Tseng and Lytlon ^^^9^9^ are used to 
eslimate Ihe permanenlorp^tK: deformatK>n in gianu^rand suEgrade maler^g The tasc 
f^^thonship IS shown in Equation II-5G 

Wfiere: 

N = NifitJ?^ tyf{fjde^oa^£^yp{rc^\umi 

s^ = ^^^njjt i'^Irc'^ rtrr^r^FFJ 'fIrafninIff£f^}i.^/iifhl^}er£^it?blmiiedJrom if?£'fynfHijry 

The ratci cjc b estimated according to the lyp&ol materal invest^atedigranukirorsuEgrade 
soil Th^ models devebped by Tseng and Lytton are given in Equations 11-54. 11-55. 11-^. 11-57. 
Il-K.and n-69 tebw 

Granular or Coarse-G rained Soils 



<^ 



lojl_!ij=0 S097S-0 06626 U'^ - .00 30 77 ay +0.000003 £, f//-5J| 

logp = -0.9 f90 +0.03 105 IV^ +0.00 IS06oy-l>.IH>l>l>0 15 Er f//-55| 



lDg^ = -] 7B667 + 1 4506?*, +0 00037843^' -0.002074 W/Oj 
-0.0000 105 £, 
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FIne-Gralned Soils 

loJ^i=-l 69S67+0-09l2llV^-0-ll92l<Tj+UyL2LyLo|£, (fl-57i 



loSp=-0 97JO-0-000027SH^^^ CTj +0-0]7]fi-^aj - 0.000033 SW^^^ a g f/^-5S■^ 

losp = ] 1-009+0 0006SllV^^aj -0 4fl260crj +0 0000545 IV," Oy (ff-59> 

Wlxere: 

W^ = W£AlercDni£^f?, * 



Subqrade or EmbankmenlSolls. Th&sutgrada rs Ihe pari cslllia pavQmani wilh V9ry laig^ 
dgpthsand. sometlmQS. lor praolcal purpcsGS. ts modG^d lo be a laygrwilh Inlinrle deplh 
Th9r9lor9. rl eoIIgh not praclcallodnyKlQ il inlosublayers and compule pbslk: strains al Ihe 
fTid-deplh oleach subkiyer because ol Ihe huge compulalonaleHorl required Ayres (1997) 
evalualGd Ihe plaslEslraIn lor an Inlinrle layer and developed an anernalr/e approach. He 
analyse IndK^aled thai Ihe lolloivlng mcde I structure. Equation ll-SO provHlesa R' exceeding 97 
percenL 

Wfiere: 

^.-ff = /"J^rJ^t i'^lrc^t sir^IsA al IS?£ lop of Ih^ siih^md^ ^Z = CJ^ jji/Tjj 
Z = Deplff t?\6^fsifrsdJ*om Ih^ I^fy oj Tli£t iuhgrcr^ie, in. 
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A limiling '\S3.\u9 tor k^ OGCODDI b used lo prevent Ih9 assumpliDn thai permanent strain 
decreases with d^plh from b&ing vnlaled ThtsassumplDn will not cause any s^ n ilea nlerr^r 
in Ihe results because the su tirade tsdr/Kled into several sub- layers and the conlnbuliDn lor 
Ihe Iaslsub-^y9rsh<>uk] ba negltgib^ Thtsapprcach b only used lor the laslsuEgrade byer. 
whch tsetghlleel b^bwlh^ Lop ol Ihe su tirade Th^ lolal p^rrnanenldelormalbn in the 
subgrade s lound by solving the mitral. Equalcms ll-6laand ll-€lb 



^w„J 



3^.= i^Mdz 



itJ-6fat 



or 



....„T^--(^-^..^ 



itJ-6iht 



Wlxifre: 



z 
k 



Deplff t?\6^Kifri.^J* om Jij? lop oj Uie luhg ^ttJ? 



11-3.4.2 WesTrack Model 

The ruldeplh conlnbulon liom all unbound maler^g or ^yerswilhin Ihe [:avemenlslniclure 
catu^led by Equaljon 11-62 in Ihe procedure resulting Irom Ihe WesTrack propel (2000) 



RD, 



D.I4 



ULhf 



|l.05xlO-(E_„,}-"'r 



ri^^f^r 



(ll-6?i 









The WesTrack procedure usesasimil 
us^dlorlhe HMAand in Lhe MEPDG 
Equalcin 11-63. 



ir lime -hardening principle lor Ihe unbound malena^. as 
RuLdeplh accumukilion andean b9 expressed In 



RD 



r^ 



= d 



RD 
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^^KL'nMwunJf = ^^'^ di.^S? £^riiit?\uialfc?n Mffh Time, J_ 

0-14 

rnr 



d. 



|i-05.io-'k..„..}""^f 






11-3.4.3 LImllIng Vertical CDmftress've STraIn Approach 

Th9 vertical c<>mpr9ssr>y9 strain mcdel&are nol UE^d lo95tlmate the amounl<>| rutllng overtime 
on the pavements surface Ralher. Ihe^e types <X mcdelsare used to ensure thallhere b 
sun cent structure above the sutx|rade lo tiweror minimize Ihe p^tH: delormatiDns in the 
subgrade so Ihatdtstortcms observed al Ihe surface ol Ihe pavement are ins»gnrfK:anl. When 
using these type mode^. nitling (surface dtstortK>n) Econsdered lo occur pn manly in the 
subgrade. and has baen retted to Ihe vertical compressrye strain al the topol the sutgrade by 
Ihe folbwing functh^nalform. Equathz^n 11-64 

Wfxere. 

?^j = N^imher oj UK?d r6fpi^iiuxt^J(}r mb^rade distor?At^ii Ifh^I <.iniie nij^ace iifsIorJioffi 

Fjrtt^t'rj?^ ^ sp€^ijlc£iepfh 
bf, bj, by = S<xfl fynyp^*Ir6'iJrom repecri^ if?Qd irioju^t iesfs 
fi = FA^dcrrtibr£^Irt?tAjtr6lofJtyrsiihjir£^de^iIt?rIrt^Ah^i^f?tA M^^'frc^t txritipressAve 

fJrmrt 
s, = Vi^flrc^t cot^resirv^ sif^n al IS^ \ofy oj Uie iifbgradi^ s{trn?rfoifiidaIfonr Af^t2 

Mt = De^gff resiii€JiI modiflui qflS^^ siihjir£^d€ serf orJiMfXjdalffJXA, psi. 

Ths assumption implies that the structural tyers above the subgrade orfoundalon will he 
construcled solhatonly negligible nining will n^ccur within those layers ThQ soil properties t.^ 
b^, and f^^are obtained through tra>:al repeated kiad permanent deformahon tests In the 
laboralory The regreEscm coelfEientD, isshrfled or adjusted tocorrebte labDratory results to a 
specilc ^velol sutx|rade d^lortiDn Thts assumes thai the materta^ pkiced above the 
foundalon will be properly compacted and olsuffctenl strength Ecthal stgnjlK^nL pennanenE 
deformatiDn will not occur in those byers 

The Corp of Englnoors used ths concept In devebping a structural des^n procedure forfla>:ible 
airfieU pavements (Baik^ ^nd Brabsfort f975} Rauhul. etal (19S4b) modiled the ordinal 
Corp of Engineers r^titK>nship to account for resileni modulus differences of the sdII to ensure 
there tsasuffK:»enl pavement thckness to protect the sutzgrade EquatK>n II-6B b the m<xlrf»ed 
verson ol the Corp of Engineers limiting vertbalslrain model for unEcund ^yers 

JV =l?59_rL0-^HAiJ°"'kJ"^" (11-65) 
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Th9 0hK>D0T included Iht&ccinc9pl in Iheir [:avGin9nl^vslualK>naiHld9sc|nsysl9m d9vebpad 
by Oho Slate Unrverarty ^Ma|jdza^h e?aJ. 1973,1930, KhGdr 1985} Olhar examples ol rulllng 
predElK>n moclet thai are based on llmiling Ihe ir9rlK:alcompreEsri/e sliain<>n }opci Ihesubgrade 
include Ihe Asphaft Inslrtule (1982), Shell InlernalDnal {S978}, TRRL (Pow9llet3i 1984), and Ihe 
6et|Bn Rnsd Research Center ^^er^fraeCe^ eC^I r9£^?inocleb These mcdel&calculale Ihe 
ajtiwab^ numterHDl tad rap&lilons bal<>fe runing orsurlace dslorlDfis become unacceplab^ 
using Ihe lolkDwing maitemaln^l lorm. EqualiDn 11-66 

N, = fjej'' Ut-66) 

Wfsere: 
_^J3 = CoiiikfiiIsdel6frt?\rf?£^Jromro£^dleiIif?rJr^iipet^tynMAiic-^itiidIes. 

The atxuve-menlioned lour mcde^ are based on l^ld si udes conducted under dille rent 
gecciraphE. cllmaltc. and Irallc tading condilnns and Iherelore hav^ dillerenlltekl calibralon 
laclor^ Suteequenlly. Ihe use of Ihese mnidehs loeslimal^ Ihe number ol h:ads lo failure for 
condrlionsdrfferenlfiom Ihose used lo develop Ihe models ts nol lecommended. Models of ihB 
form assume Ihallhe albwab^ ruldeplh will nol be exceeded if Ihe verlK^a I compressive sirain 
on lh^sutx|iad^ ^ limited Tabb ll-G shows Ihe lekl calibralHDn faclarsaFidsutgiadfislrajn 
cnler^ used by Ihese lour models 

Table 11-6 Field Calibralion Gonslanls and Subgrade Strain Criteria for 
Permanent Deformation Models 



□ rganizBliDn 


Limiling Strain 


Con^tantB 


Allowable 


Rut Dsplh 
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h 


nn 
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Asphalt Institute 


1 JE&X 10"* 
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13 


0.5 


Shell iT^jised 19S5| 

50% RsliBbilil^ 
B5% RsliBbilil^ 
95% RsliBbilily 
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13 
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4D 
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6.1 B K lO"* 


3 B5 


1G 


0.4 


B^lgan Road Res^arDhC^ntr 


3.05 k IO"^ 


43S 


ID 
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11-3.4.4 Limiling Modulus Ratio Approach for Unbound Layers 

A concept us9d in some l^xiblG |:avem9nldGsc|n systems tslhe limiting ^y^r modulus ratK>ol 
adjaoenl unbound by^is Ths concept d9lines the maximum r9silent mcdulusol an unbound 
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la>r9r bos^d on Iha rssileni modulus ol th9 supporTmg laygrs ThG hy[clh95is \s Thai ■ivh9n IK9 
la>r9r mcdulus mlHDoladiac^nl unbcund tiy9r^@Kce^&somg value {approxlmal^ly 3}. ^rg9 
1ensil9 stresses willcccur in the upp^r unbound layer Unbound kiyers ha^re minimal tensile 
sirenglh and willd^compacl under Lhs ccuvdrlion. reducing Ihe modulus and lenslla stresses In 
Ihal layer 

The hypothesE of decompactcm b debatable, but different llexible [avemeni methcxis h3.yB 
Included thtsconcepi in selecting perm^sibls resileni modulus values for the unbound layers. 
As an example the Corp of Engineers slructuraldesE|n procedure deireloped by Barl^erand 
Brabston 'r975J employed LhB limrtlng layer mcdulus lalKooncepL whch b illustrated in Fyure 
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CHAPTER 11-4: TRANSVERSE CRACKS 

Th9 slruclur^ld^l^rnratiDn d Ils>:ibl9 [av^m^nls b assccQisd with the occurrence ol non-tsd 
f^Qled linearcracks Ihstare a resuRol dec 1*93595 in Temiz^mlurg in Ihg HMA m[xlun9- 
Inansverse aftd bngiludinalcrackE Thermal cracking olllexibfe pavements has long been a 
problam in nearly all climate areas The problem cccurs nol only in coklercllmales (le . 
Canada or th9 noilhern U.S ). butatci In warmer climalesol Lhe U S when the certain 
condiltonsol temperature and HMA propertesare present 



11-4-1 TRANSVERSE CRACKING MECHANISMS 
il-4.1.l Low Temperalure Cracking 

Low temperalure cracking occurs when a dn^p in lemperatur^ causes Lhe tensile stresses 
dev^bpsd in an asphalt concrel^ pavement that are equal lo the tensile strenglh ol the HMA 
fni>rtures When lhe cccurs. a mcro crack dev^bps at the sulac^ol the rsivementand 
propagales down Ihrough the layer Fc|ure ll-G graphk^ll/ illustrates Ihts stress-strengFh 
mechanism The lemperature atwhch the Ihermalsti^ss and the lensi^ strenglh cuive 
|nl9isecL£ delink as Ih9 critK^ltemp^raLurB {7^^). 



Tfin^ Cntjcal Temperatuie 
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RgLTre W-J Eianipre ol thermal effects or drops iti lempemlure on the 
tensile slrenoUi and thermal stress development In HMA mixtures. 
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II s imporlsnilo n<A& in Fc|ur9 11-3 Ihallhg Igrsi^ stress and sirenglh incr^asG with ad£^r9as^ 
or drop in lemr»ralur9 Hcw9ver. Ih9 I9nsil9 slrgnglh Increases loa maximum valu9 and Ih9n 
tegins lod9cr9as9 wrih conllnuQd drop^ in I9mr»ralur9 Th9 r9ason lorlhe drop in slrgnglh s 
Ihal mk:ro-crachs begin locccuralihe lnlGrlac9 ol IhG asphalt binderand aggrggale. These 
fnK:ro-cracks reduce the lensi^ slrenglh. but have lillt lo nos»gnrfH:anlenecl<>n the elasltc 
n^cxlLilus. 

Low temperature cracking ^ Ecmerimes relened loasliansveise cracking becauEC il appeals 
on the surface |:er|:endK:ular lolhe direclcmsolliavel Crack spacing can range from I lo 1C0 
fn (3 lo GOO II). If Ihe Iransverse crack spacing s lass Ihan Ihe wdlh of Ihe pavement 
longrludlnal Ihe rma I cracking may occur, and a block pallern of cracks s formed 

As Ihe lemperalu re decreases. Ihe pavemenllrtss lo shrink bul b restrained ThB restraint 
causes a gradual lensile stress buiU up. Due lolhe vtscoe^lc nature ollhe HMA mcdure. Ihe 
(ensile stress thai builds updBsipales through siress relaxalion This rela>:alK>n cccurs very 
rapidly al temperatures above 70^F Bebwihts temperature, the re^xatK>n times increase and 
stresses devebp In the mixture. The rate atwhK:h thermal ciacks cccurdepends upcn the 
fnagnltude ol the tempeiature drop, the asphalt rheok]gH:al propen^s. the HMA mixture 
properties, and other environmental laclofs 



11-4.1.2 Thermal Fatigue Cracking 

Thermal latgue cracking Easscciated with thermal cycling at mcderate tempeiatures During 
Ihe n^ht. tensi^ stresses are greater due to the drop in temparature During the day. these 
stresses drop due to warmer temperatures Whit the induced stresses are bwerthan the 
(ensile strength of the HMA and do not cause ciacks immediately, cracis do cccur eventually 
due to thermal fal^ue -similar to tad -related fatigue ciacks 

The same geneial consdeiatiDns apply to theimal fattgue ciackjng that apply to the 
devebpmentof lew temperature ciacking The daily drop in temperatures causes thermal 
simsstodevebp that ara much smal^rthan thcee that cccur during the wofst part of the winter, 
butllieycccui more frequently. The numterolcyclas requiied to produce a crack depends on 
Ihe magnrtude of the tensit stress. The ^rgerthe stress the fewer cycles lequired to prcduce a 
ciack- cons Blent with the ksd reeled latgue cracks. 



11-4-2 TRANSVERSE CRACKING PREDICTION MODELS 
11-4.2.1 MEPDG: Transverse Cracking 

Tha thermal cracking mcdel that ts embedded in the MEPDG ^an enhanced versK>n of the 
apprcQch org inally developed under the SHRP A<X)5 research contract tiy Dr Rcque and Dr. 
Hilt unen ol the Pennsyhyana TransportatDn Institute (Ly^on etaJ. 1993, ffoque 9ial. 2000) In 
summary, louiteen Canadian SHRP. and frve MnRcad sectjonswere added to the 22 SHRP 
General Pavement Studies {GP&}sectGns {originally used in the inilQl TCMODELcalibratcm) 
tore-calibrate the TCMODEL used in theMEPDG The MEPDG software predcts the total 
length of transverse cracks -the combined langth of low temtsrature ciacks and theimal 
latgue ciacks. 
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Thg Enhanced Inl9gral9d CllmalE Modgl (EICM) \s used asIhGclimalH: algorithm lodelerminG 
IhQ iGmperalur^-d^plh prolil^ wrlhin the asphalt ^y9ral hourly lime inler\>^g over Ihe analyse 
perHxE. Using vtsccelaslK: Iranslormalcm Iheory. Ihe compliance. D(i), can be reeled lolhe 
RabiralEHi modulus. E, <>l Ihe HMA mix. Knowledge <X ihB parameter. c<>uplad with Ihe 
lempgralure dala obtained from Ihe EICM model, albv^ lor Ihe predK:lcin<>| thermal stress at 
any given deplh and lime wrthin Ihe HMA kiyer Fracture mechanH:s [Par^ bw) ^ then used to 
compute Ihe growth ^ Ihe thermal ciack length within Ihe HMA layer 

The VECcelasIc proparttesol Ihe HMA mb:ture control Ihe l&vel<>| stress devebpmeni during 
ccK>|ing More specllcally. Ihe lime and lemperalure -dependent reki>:alK>n modulus <>| Ihe 
mixture is Ihe properly needed lo compute lliermal stresses in Ihe pavement according to 
Equalcm 11-67. the consllutrve equation 

C^^} = stress oi n^ih^e^i ii^ne^ 
^ ' = Van ahi^ oj j nl6'g f tt \uxf k 
Q'^-^l= R^ax^iuxt^ it\^tthififs r n^dif^e^ \i?ne i-^^. 

cz=ljii6xr* <:o€jfrcT^f\ of \h^n?\^i Lo^fJraclioii. 

A generalized Ma>:well mcdelv^s selected lo repr^esenl Ihe visccelaslH: properties of Ihe HMA 
mixture Malhemalcally. Ihe generalized Maxwell model b expressed according lolhe folbwing 
Prony Seres expansion. Equatjon II-6B 



J. il 




l-l 


Wliere: 




4 


R€^di^sd Tifr\c = J/ur- nfert" 




I = ^fuJ Irt?\6' 




fT^ = T6^r\f/eraluf 6f iffijf fijrlt?r 


B4) = 


Reiaxoiuxt? jrt/jrtjfwT al r6^it-^ Irt?\e 


N 


N}ifr\h6'r oj ?j fitc^ fSAl^ itris 


E.A, = 


t^rony S6'n6"f pt\rat?\6^^t s. 



(If-6iit 



The refexalcm mcdulusfuncthon e obtained bylransf<Hming Ihe following time-dependent creep 
compliance lunclion. EqualK>n ll-€9 whch is determined by performing creep leslsal multiple 
temperatures 
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n^fn I101- 



A' 



Df^^J=DjOj + ^D, 1-^' +^ 




III-69i 



Off) 



aw = T^'fA^trytiliiri' ifuj^ facia* 
ZJftJ A ZJ , r^ 17, = Frtm} Series parat7\6^ers. 



Prony Series jzaramet^fs snd shrfL taclorsaie obtiin^ by [£rlDrmii>g creep com pitance tests ^L 
fTiultiple lempemtures and maUiemalcallyshiling data from the different tempomlun^s lo 
gslablsh one smooth, continuous curve This process b illustral^d conceplually m Figure 11-4. 
Tlie rDsuhing curvG e calbd th& jnasl^rcreepcompJianc^ cun^. 




Figure 11-4 lllustralion of ihe lormaticHiof a maaler creep compliance curve. 

The amouni of crock proEagatcm induced by s cjrven Lh^rma I cooling cycb can be predicted 
using Ihe ParB law of crack propagalHDn. Equatcm 11-70. whch s the saine type of machanem 
for fatigue crocking discussed in Chapter ll-Z 
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¥i^n noi-[»74 



AC = A{AKy 



(If-TO) 



AC 



AK 






= D-fl 



1 
L+ — 
m 



wffere 






Cglerminalcin dIIIiq Irachim gnaigv dansrty rgqulras mcxlaialsrycomp^xl^^ling HowQv^r. 
^xp&nmgnlal rgsulls IndbalQlhalrBasonal]^ e^limat9s<X A and acan b9 obtained Irom the m 
valuQ and Ih9 siranglh ollhe mal9rBl. E:<p9rim9nls by Mol&naar(J9^f bd Id Ih9 d9V9bpm^nl 
ola rglalcinship bQiwggn y1 and l^nsilo sirenglh Because Ihg meaning <X mixrur^ slilness 
included in Mol&naars relalcinship e tad rabled. Ih9 pencu^r rgkiliDnship may nol bo directly 
applcabla wh^n ccmsdering var^blG lemparalure condilnns during ihGrmalslr^ss 
dev^bpm^nl Therefore, acalibralon ccefficteni was applied resulting in EqualK>n 11-71. 



^ _ (g^fC^■3a-zazll^,kJ_I,J^ 



(fi-7i} 



A 



E 



= rfocfsire p£A r^ ^ nt^*'^ 



= 0-S 



1 

L+ — 



vvffere 



CoeJfrcT^fl di^erfruii6^ \hroiig hjr^d c ^fii hr^^ltonjr/r eocir rt^ptfJ J^i^ {for J/?f 

6 0). 

L^Ti al fjr itut!f}ire ojlfbraJiot^fiJctiir. 



ThB equalion ts used lodelermlne the Imclure parameter >>. The parameter n ts determined as 
a functjon cA m using Ihe equalcn developed by Lytt<>n and presented atove (Lyitoj? ef aJ 
1983} Therefore, the tVh^ measured propert^s used lo obtain the fraclure parameters are 

• The rf^value. whch is the slope of the linear ponon oUhe bg complnnce-bg time 
r^^lronshipdelermlned from creep tests 

• The tensile sirenglh of the mKlure 

Tho siress intensity faclor. K has teen incorpcrated In the MEPDG through the useol a 
simplified equation dev^bped from thecwetK^al finite element studies (Equaron 11-72) 
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Gry^n lhallh^coaffE^nls<>| Ihgrmalconlraclon dI asphalt C9m9nl and aggr9gal9 are not 
ineasur9d as pan ol routine mixlur^ d9s^n. an average valu^ olvolumetrK: c<>effcenl ol 
lliermal ccmtiactcm ^ 3 45x10 "'.■'^C k recommeiHlGd tor asphalt cement A nonlinear 
r^fBsson routine ts used todelermlne th^ master creep cn^m pita nee curve from Ihe creep 
compliance curves measured at multip^ temperatures Tlie regressK>n b perlormed in Iwd 
bosc steps 

Step 1. A regreEscm ^ perl<Hmed lo determine simultaneously Ihe tempaiatureshrfL 
lactors- j,. and Ihe parameters lor Ihe toltwing Prony Ser^s {Maxwell Mcdei) 
representatK>n olthe master creep compliance curve. EquatK>n II- 73 

Where. 

D(^j = Creep LOfnpliajice ai r6^iced if t?\e ^ 

^ = Reduced If it\£f —\/hy, vvliet^ 

ffr = Tefr\f/eralure sfwjf Joc?<yr. 
D(0},D^^y7l, = rro*^y Scnei iy£ira?}u^eri 

In essence, the regre^on finds the b^t shift lactorsand Prony Ser^s parameters lolrt 
the measured data based upon a least-Equarescnterton One ol Ihe temperatures b 
selected as the relerence tempeiature l<Hthe master curve and thus Ihe creep com pi ance 
curve allhB temperature ts fixed In time. ^T=r The regreEscm determines the amount ol 
time (horizontal) shrf I required tor the curves at the remaining temperatures to result in a 
smccth master curve Each ol these remaining cieepcompiance curves will have a shift 
factor. ^. assHDcialed with It 

In conjundon wih the delerminatton of the shift factors, the regresson determines the 
cceffcients tor Ihe Prony Seres Four Maxwell elements. N=4 were tound to be sullcBnt 
toirt the data accurately when creep com pi ance curves al three temperatures [-30. -10. 
and O^C) are used to construct the master curve. 

The shrfl lact<H-temperature relalonship ^ modeled as a ptecewBe linear rekittonship 
belween shift lac tors determined al the specified lest temperatures In other words, shrft 
factors al arbrtrary temperatures are determined by linear interpclatK>n t:etween the shrft 
factors determined Irom the regresson Linear extra pokilton is pertormed lool^tain stilfJ 
factors al temperatures oulsKle the range of measurements 
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Step 2. Th9 second sl9p in Ih9 r9gr9Eson roulln9 ts Id lit a second lunclGnal lorm lolhe 
maslercrG^pccimpliance mlormalion Ths 59{:Dnd lunclhi^nal lorm ^ Ih9 lolbwing powgr 
law. Equalcn 11-74: 

Di^i=D^A^D4" (fl-74t 

Where. 

D(^} = Creep <:ompti£^?h.€ ^I redifL^il lif^^ ^ 

t = Ttme 

The primary pur[>[S9 lorlrlllng IhE lunclional lorm b lodelermin9 the [arim^l9rm The 
parim9l9r b 9^9 nlially the skDp9 ollhe linear portion Dllh9 ma5l9rcr99p com pita nee 
curve on a kx|-log plol. II tsan im[»rlanl parim9l9rln dtslingutshing I:elw9en Ih9 thermal 
cracking p9rl<Hmance ol different mat9r^lsand Ea direcl inpul lntDth9 crack depth 
(f raclure) or cmch prot^alon model Th9 d9gr99 of cmckJng ts pr9dK:ted using an 
assumed r9kilDnship b9tw99n the probability d el nbutK>n of the Vdq dI Ihe crack deplh to 
HMA kiyerthckness raloand Ihe [srceni of cracking Equatcin 11-75 stoAS the 
expresscin used to determine the extent of Iherma I cracking 



TC = ^„jV —UxA (If-75t 




Where: 

TC = Obien'e^ £^mt?}iff\ oj Uierit\^i ^rachf?g,p/fii\ 

/,p = Regrcislw? coefjiiiejil delen?\ft2eii ^hrtj^i^hfietd tfrJjrffrrjrtPf 

J = S^^fiidard iievT^fUot? oj iffe fo^ ^xj IS^^ deplS^ oj <:rcrLks ft^ Ihe pavejt\£nl 

C - C^^fikA'plS?, fx? 

hjTMA = Tlifc^^^si of mif ace layer, in 

It should te nol9d that the maximum amount of thermal ciac king assumed in th9 approach 
ts 400 feet par ^00-ft pavement langlh Whila Ihe e the assumed maximum valu9 the 
m<x]el cannot predEl mor^ than lifty percent ol Ihe maximum value b9cause failure cccuis 
when the average ciachdeplh r^ach^sthe lhchness<>| the HMA layer 

The folbwing sectK>ns provKle twocrrtcal propones or data needed in support ol Ihe transverse 
ciackjng predK:thDn model. 



11-4.2.1.1 Temperature and ThermaJ Gradient PredKlion Model 

Tlie other piece <X crrtK^aldata b Ihe predctcm <X pavement tern p9iahiiDswrtPt lime and depTh 
Ihrough th9 pavement siructu re The Environmental Ehects Model (EEM) can b& used lopr^ct 
Ihe temperature conditK>nswilhin Ihe pavement syslem using environmental data and mater^l 



-4S 






Ihgrmal propones. Th9 mcdgl b bas^d upon the prDgiam d9VGb[»d al Ih9 T9>:as 
TranspDrtilion Inslrlute lorFHWA (Lytlon 9iRl. i99(}}. ThE progmm has b99n subsaqusnlly 
u|xlal9d and expended lor use m suppcning Ih9 Su[>&r[:av9 mi>:lure desc|n l9chiK>tgy Th9 
incGl r9cent version rs r9l9rrad loas Ih9 EICM Thrs enhanced mcdel ■iva5d^v^lop9d al Ih9 
Unrv9r^ityol minors by Larscn and D9m[G9y (f^7f. Itsimukil9sclimalc ccmdrlionslhalccinlrDl 
bolti Ifimferalur9 and motsturG in the pav^mGnL^y9i5and su tirade. 

Th9 EICM E used as the climatic a^orrlhm lDdelermin9 Ih9 Iemp9rilura -depth pfoflla within Hie 
asphalt ^y^ral hourly time Interval over the analy^B perKid The EICM mcd9l {Equatcm 11-76} 
4Js^saon9-dlmensK>na| foiward finite difference, heat transler model lo determine fnist 
penelmthon and lemperature dBtributhon in the pavement system Whit the m^xlelconsKlers 
radalGn. convectK>n conduclnn. and the effects ol kilent heat, itdoas notconsKler 
Iransplratcin-conden^ahon. evaporatK>n. and sublimatK>n The eflects notconsdered were 
omitted bacause of the uncertainly in their cat ukilnn and the instgnrfrcance ol Iherrconlnbutron 
lothe model. 



^j.rt^> = ';jr,-^ ■77^nrP;.tn> + V..r^';jrJ r/^76^ 



T = T6^r\p6'raiiire in ^_ 

t = rft?\6'. 

t = 'n?4rfmcTU't}^dsiclfiTl) inETU/lhr-Jt^-'^f'} 

K = Dry denifly. 

C = AfLUJf/^m^cAFfTJEn nTUJilir-"^}. 

Usrng VECoelastE tiansformatron theory. Ihe complrance. Dfl), can he reeled to the relaxahon 
incdulus. E, ol ihe HMA mrx. Knowledge ol Ihe parameter couplad wrth the lemperature data 
obtamed from the EICM m<xlel. albv^ ^rthe predctron of thermal siress al any glwn depth 
and time wrihrn the HMA layer Fraclure Mechanrcs (Pare ^w) b then used tocompub die 

groivth of Ihe Ihermal crack tnglh withrn the HMA kiyer. 

11-4.2.1^ Coeffici&n] of Thermal Contiactlon 

The CHiielfcBnl of thermal con Iraci on Ban extremely rmportani property for pr^ctrng Ihermal 
cracks However, the thermal coeffEient usually is noi measur^. but estimated from prevK^us 
test resulls reported in the literature Only limiled ^toralory data are available on the measured 
coelfcenlol thermal tength change for HMA mi>:tures 

Jones. Darter. Littlal^U. EIIb. and Tuchett conducted studies on thermally induced langrh 
changesanddensilcalcnolHMAattheUnryersrty of Utah (Uitl9t}9ld 1967, Jon9set rI. 1986^ 
EJTtf e?jy J9fia Tud^&it9ial 1970} The measuremenis from these studes for linear thermal 
coelfcenls varied from I I7lo205x 10'^^F{2 II lo 3 69 x IC/^C) for lew temperature 
measurements of HMA o) varying asphalt conlenis and percent air vokIs iJoj?9s 9ial. 1986) In 
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dQv^bpm^nlollh^ iticxIqIsId predEl Ih9nna I cracking during Ihg SHRP prcgram. Lytlon and 
RoquQ usad Ih^ lnlDrmalK>n and data lo9slimal9 Ih9 Ihermal CD9llcenl<>| HMA mi>:lur9s bQs^d 
on Iho HMA volumalric proparles (iyttorf 9f al >993. Roqu9 9f aJ 2000} Th9 llngarcceffceni 
ollhGrmalc<>nlr3clK>n lor an HMA mLxlur9 can b& ccimpul9d using Equation 11-77. whK:h sa 
incdiled v9rsiDn ol Ih9 ralalh^nship pro|x:69d by JonGS. 9laL (19S6) 

'\t?Iiis pins pi^rc^il it?him^oJ aspS?£^f^ t-^He}Al ffuinfi iy6fr6et?i ^'{^flfIt\£^ of £^hi^xrh^ 

V^i^cr = f^^'C€?fI ^"CP/jfjpiF HTj'fTjfl ra^ifflf-F ?rt mxfiire. 

fl^L-L- = Vt?him^nc co6fffCie*^ oj Ui£trit\^i 6 off\r^'Ii£Mi oj Ihei^gg regale (f/^}. 



^ji?jAt = iOOperc^fl. 



IM.2.2 Oihe J- Models 

5ev9rallh9rma I Clacking pr9dH:lK>n mcdebare curTenliyav^i^bl9 and inciud9 m<x]9g 
d9V9bEed byFinn.9lal (1973) Rulh.alai (1962) Lyllon.9lai ffpesj. and Shahin and 
WcCuibugh ^^'973; Ha|9kand Haas ^/g72>d9V9bp9d a mod9 1 lo pfadcHh9 cracking index 
due kabw-l9mparalur9 ciacking EqualK>n II-7B shov^ the cracking ind9x pr9dclrv9 
mbtniBhrip 

/ = »3974 + f6 7966-0 874 l/F + [J3SS^J^^fi(0 i^,J 

(fl-TS) 
-2 15 i6W - 1 -2496m +006026^,, /f^fid 

Wlxere: 

f = Crachf?^ tfhfex i^U^f lentil oj if fe ffiit?\h6'r ojjiil^ croc k^ p{iis w^ShjlJ of \he f i^J- 

Ir£^ffK\i.^iCir^^'f per 5(X}-JT i€^iuM^ £^ r\io-t£^?fe ro^, crc^cks i^tfT^rJiamj lioij-vvrdlh 

^re tuy\ due It? fcnif Ie*r\per£^Iifri.^ iracknfg athi ^rx.^ tAfJl otxtufde^ed ft? \he regrc^sron. 
h = Toiijf lS?i<.hAeis qf HJ^A layer iriiiicf^ei. 

a = f j^^^fflfFFJ ojie rtf y^an 

S^ = .^jiftM'TT fi^td}ifuK x^ Iffe t?njif}A^t oi^yfiatJ ItA kj^otr\ , ^k d^^ t?\rt^'£ijytym Hac Von der 

F£}el f?<M?\tygropS? f J 9-5JJ ajf jjj,? oio^f?^ tim^ oj 20,(XX} i athi Iffe winler dc^igt? 

Iefr\iyeralur^: S?<XY\ir\'er, ^ahi^i tyj I'f ofTd 7^^^^ oj hf f}im^i iS^miid hede?i^ fmrf?e{f J nyt7\ 

i?e}i^ro?]ty}i£Al 77 ^ r2i "^J ^??^ ^ Jtd-jpifrrjc w'jtfl j?0 erf 275^ {ii5^}cTS fsigy^e^ilecf t) 

A/^i^Wr;»7A 
n = WrtiTer iiesigff Iet?\per^I}ire u? —^^ f?egiev.\ rij? Jtd^f^ft iv jr^jj j^jfJ wtf jjwjj ?j t^ ivt/jj^ 

aaiy. 
d = S^ihjir£^de I'liye ft? Jenxis xj^ ^ A^HensfOf^esuxx^ mUi 5Jof jmjd, ijor fr/i^m, c^fhi 2jtyr 
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Haas 9lal. (Jd07f publrshed a r^gr^ssDn Gqualcm Id pr^dcllhg av9r3g9 transverse crack 
spacing b3S96 on a study of twQnty-six airfeUs in Canada Th& prediction Equatcm 11-79 e 
shown bebw 
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CHAPTER 11-5: HMA DISINTEGRATION - RAVELING 

HMAsurlac^ mixlur^s. Iik9 all oIhGr [:aving mal9r^ls. arg sub|9cllDa ;>arety oldislrgsses 
Thcs9delrass^5lhal can b9 pr9dcl9d wilh ME modG^ hav^ t^^u prgviDuslydecussed. 
Th9SGdBlrass^5 includ9d ^^riDus lormsol lalgue cracking. dBlonnn. and Ihgrmal cracking. 
Unlorlunalely. Ih9r9 ar^olhgrslruclural. mal^riag. and lunclK>nal I9lal9d dtslr9sses orsurlac^ 
dglecls Ihalcan stgnilK^anlly reducQ Itxlbla pavGm9nl lifg Mcsldllh^se Dlh9rdQLr9ss9slaU 
lnE3adtslr9sscal9gorydGlln9d assurlacQ disinldgralcm. 

DBinlegralDn tslh^ breakup <h change In the characl9rtslK:s ollhe pav^menl surlacg 
DBinlegralDn dElresses ar9 juslas imporlanlas Ih^ ones pr^i^ciuslydtscuEsed. but il s 
generally aEsumed during desc|n Ihal material Eel^clion. mi>:lure d^scin. and conslruclcm 
D[» rations wUI pi^v^nl ll»jrcccuri^nce 

DBinlegralnn usually Invohy^slh^ tssol indhrdual piac9sorlhGse[aralK>n ollh^ Indrvdual 
CHDfTiponenls ollhe HMA from each olh^r DBiirtegralcm lypa d^lressesar9 primarily reeled lo 
environ menial and Ah maleriil laclors. but the Ir seventy isd^pgndenlon the magnrludG and 
number dI wh^9l IcQd applK:alK>ns DElnlegralK>n lypK^ally Iak9slh9 lormsol laveling. [XDlho^s. 
and stripping HoVd^v^r. h:^solskk] resBkance. bteding. and Hushing are included in this 
calegory Non9 ol these dtsinl^graton t/p^ dslresses are predcted by any ME Eased 
prccedur9 re^^h^wed In the lileralure 

Stripping b Klentiftad In many publcatcmsas a distress type in l^xlble pavements However, 
snipping b not a distress bula mechansm that can s^nifcantlyacceleral9 the cccurrenc^ of 
other material, stniclural. and functK>nal relaled distresses {e g.. raveling, fal^ue cracking, and 
dtstortK>n) Stripping b a form ol moBlure damage In the HMA mixture and hasasc|nlfK:ant 
effect on the adhesion, tensi^ strength, and modulus of the HMA mi>:ture When stripping 
Gccurs. Ihe HMA mcdure Esusceptlbla lo raveling and cracking 

Raveling b rented loa ccimbinalion of asphalt consistency and film thckness. aggregate 
characterstcs. alrvod conlent. and adhesion between the asphall and aggregale Asphall 
ccnlents shouhl ba selected to reduce alrvodsand increa^ lllm Ihchness lo prevent e>:tensrv9 
laveHng. As note atcve. there are no known ME Eased mcde^ I<h predi::hng the area and 
severrty of raveling The AAMAS prccedure. however, dees include a measure of raveling or 
Tni>:ture disintegralcm potential using resullsfrom the Indirect tensile strenglh lest {Von oljjnitjs 
efaJ 199S) 

The AAMAS prccedure assumed that raveling b rented lothe k>^ of Eond ^HadhesHon 
tetween Ihe asphall and aggregale and the bssof adhesK>n can be estimated using the tensi^ 
sliain at failure from Ihe ind re ct tensile simnglh lest. Tha Eondtfig loss Bdgbnnined In 
accordance wrth Equation ll-BO 



Sot^ditAgLosi = LOO 



.--^ 



^ f-umu^ 



tll-bOt 
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S[»{:rfE3lly. the pfocQdur? us9\i the e>:|:ecl9d tending less and l^nsi^ srrain allallura lo 
dglGrmin9 wh9lherlhG HMA mi>:lur9 was susc^plibl^ lo raveling and olh^rwealh^nng typ95 43l 
dtslrgss Thg cnlgr^ includgd in the AAMAS piDceduis lor judging the adequacy ol HMA 
fni>Llur9s waslhallhg tending Ic&s 5h<>uk] be ^sslhan ^ [>arcenl and thai Ih9 tensile strain at 
failure shouU be greater Ihan 2 mlhs [»r inch at 4PF after Ji^otstu re coi^drtbi^iFig or accelerated 
aging slmulatens in I he laboraLorv 
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CHAPTER 11-6: SMOOTHNESS / RIDE QUALITY 
MODELS 

Roughn&ss orh:sscil tkIg quality ^ ccmsKloiDd lo bQ morg ola lni9 mgasure <X pevemgnl 
p9rlormanc9 because \h& publk: 199^ rough [:av9menls IndK^alnn ol roughn9^ b a k9y 
€l9m9nl m many |:QV9m9nl manag9menl prcc|rams lodGlermin9 when lo rehabilitate a 
|:av9m9ntsurlace Roughness is a lunclional lailure ol the [av?menlsurfac9 and included 
wilhin this study because ol rts oveiall importance to performance. In additcm. manyagences 
are now using some type of smoolhness measurement for accepling llexibla pavement 
construclon and deckling on when lo reliabilrtate pavement siructu res (AASHTO ^937}. 

Several research studies have succeEsfully m<xlelad sen/tceability {whtch b h^hly correlated lo 
smccthness) using key pavement distress types for bclh <H»ginaiand overkiid pavements 
These pre vkdus studies have found thatflexibfe pavemeni smoolhnesscan he s^nifK:antly 
affected by nitling. rut depth variance, and fat^ue cracking Some of Ihe detresses Ihal have 
been corrected losmoDlhnessare ksd reeled and can he predK:ted by ME modeling 
techniques htiwever other distresses such as potholes and depre^cmsv&we I ^ caused by soil 
fTiovemenls and olher climatic factors (represented by mechan^lc clusters based on pavement 
and climatK: properties) have been shown toallect roughness, but are nol predEled with ME 
mcdeb. 

Some stud^s have developed predElbn equalons for roughness bised on mechansic 
fespcnse paiamelerswilh limited success (PGrQfa 9t al f998} These mathemalcal 
le^thonshipG are still hghlyempircaland heavily dependent on pavement and soil type. Ths 
slructure-mater^l dependency suggests that the predElion equatcmsand mechanelk: response 
parameleis do not adequately capture or explain median BtK:ally. Ihe increase in roughness 
wrth time and truck tialfjc. 



1I-G.1 SITE VARIABLES AND DISTRESSES THAT INFLUENCE 
FLEXIBLE PAVEMENT SMOOTHNESS 

Empircaland mechan^tc analyses have dentrf^d seveial pavement desc|n features and site 
condrtions Ihataflect smoothness The klentifted varab^scan be used as the tasE lor 
devebping mechanEtE clusters or enhancing exiling clusters for use in mcdeldevek^pmenl 
Some of the design features and site condilion var^blesthal affecl smooihnessare presented 
in Tabfe 11-7 The srtecondrton ^arables iBted relale to the pavement's tempaiature. moelure. 
and axle h:ad cyc^s whi^ the desgn fealuies re^le lo pavement si re nglh A summary of 
d stress i^nab^s that have baen shown fai influeiice symlcantly user-rated seivjzieabilfty or 
smccthness e presented in Tabla 11-9 
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Table 11-7 Design Features and Site CDTiditk>n Variables 
Affecting Flexible Pavement Roughness 
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Table ll-S Distress Variables AHecling Re:cible Pavement 
Smooth ness'Serviceabillty 
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11-6.2 ROUGHNESS PREDICTION MODELS 
1l-fi.2.1 MEPDG - Smcxjihnesa Prediction Models 

Fmm workcomplat^ undgr NGHRP Pro|ecls l-37Aand 1-40Dlh9 LTPPdalawgrg used lo 
conlirm the resulls from pr9VK>us studies and devebpa more in-deplh rGgression mcdello 
predcl roughness <H the IRl Irom surlace dElress The ganeni smnxslhiness prediclion mcdel 
form re tiled IRI lolha l<>ur mam conlnbuling laclorslo IRI Ihal have te&n documented liom 
prevKiussludes. The jnodel lonn js stiown in Equation 11-81 



XRf = 



!Rf^ + AlRfn -H ji!Rff + J/^Ji 



tif-^h 



Wfiere: 
XRf 
tRf„ 



= fiyfIi£A{ fR! 

= fiic're£^i6' uf fR^ d}i^ \o distress. 

= fiicre£^^6'i??fR^d}ie\oJroiIli6rr\eiMxl6f9f\ia^ofIhesiihjin^. 

= fiic're£^se i?f fR^ diido s\^€^tp<xI6'^?iAalofIheilfbg^ade. 
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InitQily. IRIp and IRIr^ ol EqualMi^n ll-BI W9r9 assumed lo te z^roorhave no^lldclon the 
iTiQasurgd IRI ovgrUmG Onlylh^ Inil^l IRI (IRI^)- ag9. and Ih9 effect ol surface distresses 
{IRId) were cons Klered m the final analysts ThQ in ilia I analysts included the rebtive eflectof Ih9 
other non-distress-spe{:ihc ^arables Fr/e ^uatKDns were inrttaJtyd9valDp9d und^r NCHRR 
Pro|9ct I-37A lorpredcllng the IRJ over hme using LTPPdata_ TlBsefii/eequatJonswere 
collapsed Into two base equatcms (Equations 11-82 and II-B3) under NCHRP Project 1-400: 

1. New Flexible Pavements and HMA Overlays of Flexible Pavements 

IRf = If^Jeni^fUwhJ^ roiigfftAcii rfhf^'x 

5/r = ^^^J0.02003(P/ + l)-hO-m7947(ffLi^>i-hll-hO-mO636[F/+l)) 

FI = \i^r^g^ atun^f Jr6'€ryt?^ ff?£f€'x, ^Fdays. 

R{fU7 = Ai^r^^^atun^n^mJ^fff, jjj 
FC = \r6xr oJJaIfgii6f c*{fiilx2^ (t-ot?\hiii6^ £^ffrgaIof at^ ft?tA^i\ii^ii{fi ^rachf?^ mlffe 
H'ijfri jKTPfrJ. p^c^fl of Jol^t l£^ff£ ^r€^a. 

RD = \v^y^^^ nxl A^S?, rj? 

2. HMA Overlays of Rigid Pavements 

;W=;k;„ +0-008251 5F)-K>J75{FC}-hll-O0l4(rC}-h40 S{RD] {IlSJt 

Wlxere: 

^Rf = If^Jeni^fUwhjl roiigfftACii tfhf^'x 

SF = SPf/^ffcr 

FC = ,\recr ojjiiifgue c*acilt2j; (cot?\bAiie^ £^ffrgaIo* whi fotA^iluAiiai Lmckrf^g m Iffe 

RD = ,\v'erir£^ *ifl depXS^, r^? 



-56 






11-6.2.2 LTPP Smoothness Prediction Models 
Original HMA Surlaces 

Th9 initial mod^lsugggslGd lor us^ In pisdk^lng IRI lorlhGonginal HMAsurlac^ povemgnls 
wilhln IhG LTPP program v^s bos^ ty[€ dgpend^nland b shown m Equaltons h-a4lhrough II- 
SB. 

Unbound AflgrsBate Baseband Subbases 

+ 0.0OIO6tTC} + O0704i&C) 4 00 i 56iSLCNWr „„) (II-S4t 



SF 



I 2XL0^ ) I 10 J 



/*yjj = Fi^rc^fl passing \h^0.U73 mm sr^i'^ 
n = F^rc^fl pias\i<.i\y rthi6'xoJ Iffe s^trf. 
FI = Avi^r^g^ £^fmifafjreeryt?ji nhi^'x 
/*lu = F^rc^fl pussing \h^0.U2 ?jtfrt jj>w_ 
R^ = A\i^r^/[^£^fmifaf ymnj^fii, itun. 
Age = Ageqf^6'r /f^f \ p{{Ui.^t\^t?i, }6^f*s. 

It ffe6^ ^^/? A y;f m^j?? <}^ Iry\£^f ^mj? £^re^ 

SLC^^WF^ff— Sf^fum £^ff£f lifgh se^eiily ssaiexi ian^inidinal cracks iocaled aulside Ihe t\^-heeX 

Asphalt Treated Bases 

IR/= fRXs-¥0.00552\FC}-h i^59lJ/{TCS»-\-S}l-^0 9S2^Ff,} fll-^} 

fR^ = !t?Ief f^Ifoii^i nxujiS7f76"i'i Imiex. 

fR^^ = !f?r^tri ^R! ^fii^f iwr^lMKUw?, ff^fus 

It ffee^ p£^lS? A y^trttj?? xxf It?\£^f itme £^r6^ 
TCSf, = filjiS? sin'eniy Jrat^i'^f S6f cr^L sp^it?jir J^ 

I'm = Ar€u f?! S^igS? s€-\'enTy p^Iihei, sq}mre/I. 

Cement or Pozzolonlc Treated Bases 

XRf= XRf,, -¥ O.WJ^iFC} -^ O.V7^7\SDr,y} -\- 0O0Oif4^TCt -¥ 0.0Ot^2t BCt 

-¥0O002JJ5(LC^WF^f,) jW-ftSj 

Wlx£fr€. 
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FC = f\r£^ ojjaligiie c*{iiiit2j; (c<M?\hiiie^ £^ffrgaIo* at^ ff?t2^i\ii^ii^ 6 rackrffg m Iff£ 

H-Afri JKTPfrJ. p^C€?fI of UM^t ^£^ff£ ^re^ij. 

SD^y = Stuf^^frd ^^\ia^fon f?flhi^ nil d€pl^s, in. 

LGVIVTjrjr = Me^iiit?\ mad/FJjij jfi^nPi io??grIudfthJ^ ct^fiiin^ oiUsAiie iffe -\^iAC^ p^Ih area, Jl. 



HM A Overlays 

HMA Overiavs Placed on Flexible Pavfrmenfa: 

+ S 7702ir„} -\-0O0St)O(SLCNWf} (ff-^t 

Wfiere. 

fR^o = !fArItat IR! ap^f <.iXffslMK\uxt?, ft?/*ru 

ik^Ftt^ pais? A ^yer^etA? ^^ It?\£if fmj? £ir6^f 

Frt = Arx-^a tyf S^ijiS? si-^eni^ p^JiiAL^i, K(piari^Ji. 

SLCNWF = S6rrii^ ityt?^If}idin^t tr£icks itKat^ t?}ilifif^ Uie ^vff6^ p£ilS?, ar^a/fJ. 

HHA Overiavs PJaced on Rigid Pavements: 

IRf = IRI,,-\-0U2\X^VrRl}, ^:^' _^i^ j i/\TCS^,,-\-f) )■¥ n 122(1"^ J f//-W| 

IRS = !tAl^ thJlfoiiai nxu^hff^'ss iiide-K. 

RD = R2il iii'pih, m. 

TCS^f„ = Sf^fi^m £if?£f fTfgff ie'\'enly Ira?fs\€ri^crcrcti t^}atTtf£,Jf 



11-6.2.3 A AS HO Servjceabllity Equation 

Ong of the most WGlh known and usgd p&rlormanc9 or servK^^ability equations I<h l^xlbl^ 
Cavemenls wasd9V9k>cedlrom Ihe AASHO Road TesI ^Caray afrd JricJt I960. AASHTO 1993} 
The Presenl S&rvi^eabilrly Raling (PSR) wasl<>tind lo ba sgnrfcanllyalleclfid by Iheavgrags 
ml depth, slope variance, and the amount ol cracking and patching {EQuaton 11-99) 

rSR= 5.0^- f.9t loi It A- SV}-O.0t (C -^ I'f-^ - J.mRD^ (I/-K9> 

rSR = Freie^^T seri7C€^abihT) rtJJ^jjj {paii6^ f7\^crt? rfrJjrtjl 
C = ^fajtxr ^r£ichf?/[ in )t f/6fr 1 ,000 iq Ji ar^cr. 
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/■ = 3iIifit\JXAfmi f/£^It-^tA^ hA sq )t ^yer i ,000 iq Jl or^cr. 

rj? rij^ ^jtfjrJ Afpfj ^iflleJ pari of IS^ yvIa^ paUi. 
S\opQ variance s d9lin9d by EquaFhon 11-^ 

SV = (if-^} 

n-l 

Wfiere: 

SV = Siope ^vrnfTrtCF 

I' = Drfferexk.-^ b€T¥\^e^f lY\o €fir\'£^Irf?tAi y^jj a^y^^rL 

7h9 accuracy ollh^ mcdglscan te judggd by the lolbwmg slalBlK:s. 
R^ = tfJy^^rt^j?? 

SEE = O.^Sf5Ri}^^f?Ji 



\\-e.2A FHWA Ze ro-Ma In le nance Pavements Study 

Tho mcdfil in Equalnn 11-91 v^as d9v^b[>ad using data from Ih9 AASHO FLoad T^sland rabigs 
servMabilrly lo distress (DariQr 3nd Bar^ntiG^ ^976). 

FDV = Rifi^^pfh njn^?K^_ s^j f^r fVO 

TC = Tr^Mi\'6'rii.^aii^ iot^jirli^ft?^ crocking, s£^JI/t^O(X) T^/f 

AC = C^fTJj?i7^ CI^ss ^^ihjiait^r or J^Ii/[if€ cracking, '^Jl/t^VOO sqfl 

/■ = fa?cfNng,i^jr/I,O0(}'^iJ}. 

7Jt9 accuracy of Ihe modGl can ti&)udig&dbyfh9 follov\ring staljsfjcs: 
R-' =0 76 

SEE = 455pof^??i 
V =95 



\\-e.2.5 World Bank HDM-III 

Th9 W<Hk] Bank HDM-III Ife>:ibl9 |:av9m9nlsmcclhn9ss medal (PaiGfson r9fi9J combines tolft 
distress and m9chan^lk: ;>arQbl9s relatgd to pavement sire ng 111 and sHq condilnns lo predk:! 
smcothness fcss Thg mcd9l e shewn in Equalon 11-93 

JRf= Ji4(^'}tMSNK)'-iANEft-\-0 JNI^^DSt-¥0.aO6ty\ACRXt-¥0.t)O3ffij^AT} 

^0 S6tAfOT}-hmFI^Jl) f//-V?l 
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ANE4 = fiic'reit\^t?Tal i^imher oj ESALs m fyeri^xd ^. 

ACRX = Fi^rc^fl rt?<.yi.^a'^ ft? £^r6f^ oj iTcr^ht^ji. 

AEAT = Fi^rc^fl TtK rx-^w^ ft? siirfhc^ p^h lat?ji. 

HI = £rt w FTt? ? ^ jf J J f fT J _J^ f?or 

RI^ = Rxxu^hf?£si al ftjn? T, y^crrj 

At = fiicreit\£^?iijnft?\e period Jo f jjmjJ^jjj. ye^rs. 

t = Av^r^g^£^^i^oJ p^\'et?\6't?I or overiij), ye{?fs. 

h = Aver^gaicijalioff oj p^lL'hJrofM ongiiia^ p^ver^sfff pmpi^, wim 

Thg accuracy ollh^ mcdglcan b9 judged by Ih9 following slalElKS 

R^ = 0.S9 

SEE = 0.5J poAiiis. 

N = *; 



11-6.2.6 FHWA/l]llTiols Depahmenl of Transportation Study 

Th9 lolbwing Ila>:ibl9 [:av9m9nlsmcclhnd5spfadclcin mcdgl iii DOT 1989)v^sd9v&\op^ti 
using "manulaclurgd profile data. ThG Inbrnatmial Roughngss Indgx (IRI)vj'as compulgd from 
thg manulaclur^ prolilg. Equalion 11-90 



rSR=-^^-0.t>it5D-0.3S4F-tt.05iC-0.2iiRD 



(If-9i} 



Wfiere: 

rsR 

D 

c 

AD 



= ^l7 Lft7Jfc«]f jfff wfFfrfir^r^ rating 

= ^it\b^ t?ff?ijiS?-s^'€niyii^resiroiiiiimfhberpi^50t?\i 

= ^it\b^ t?fS?ijiS?-s^'€niypf?Iht?ies \f?iit?\her p^t 50?Mt. 

= ^it\b^ f?fS?ijiS?-iin'eni} 6r£^cks 02ifit\b^ per 50 m). 



Thg accuracy oirh^ mcxlglcan b& judged by Ihg following sTalBlcs 
J^- = 0.92 

SEE = O.?26po?*ih, 

N = at 
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CHAPTER 11-7: SUMMARY AND CONCLUSIONS - 
SELECTION OF DISTRESS PREDICTION MODELS 
SUMMARY 

Pari II <X Volum9 II has provkl9d a rgv^wol ME b3S96 dt&lr9ss pr9dH:lK>n medals lor Ihnihse 
dtslr9sses Included In Montana's Pav^menl Management System and thcG9 generally 
con5Kl9r9d in pavement des^n and analyse procedures. The folknving provdesa Isting of the 
distress predH:tcin mcdelsthal will he consKlered forcalibfalnn toaEs^l Montana decision 
makers in des^ning and managing their highway networh 

* Lead Rebted Fatgue Cracks -The MEPDG predctjon mcdelforallgalof cracks has 
teen found to be acceptable from other si udh&s and e recommended for use In Monlana 
[Equations il-l_ ll-3_ i!-5_and ll-6)_ ThE Includes the boflom-up cracking mcdel for HMA 
mi>:tures and thefal^ue cracking model lorCTEl byeis 

The top-down cracking mnidelwas found lo have a hgh error term from the callbratcm 
worts completed under NGHRP Propels ]-27A (ARA 20043.b) and I-40D (f^RHP 
2006} In addition. Von Oulntus etal.. recommended that Ihe model not te used unlll It 
E further relined based on "iwrkconipleled under NGHRP Projects 9-20 (Von Oufrtius &i 
al.2004) 9-20\,a:)])iVonQuintuA9iaf ^OTSaJ. and 1-40B fVon Gutnius 9t ^^ 20051}^. 
No other fat^ue cracking m<x]el predicls surface initialed cracks that can te reasonably 
em tedded inloa practi::al pavement design procedure Asa resull. Ihe MEPDG 
predctjon mcdel forsurface imtnted cracks will he used to evaluate the LTPP and non- 
LTPP lest sections placed in Montana to buihl confdence In lis use and accuracy 

* Rut Depth: The MEPDG predctjon mcdel for niffing in the HMA Byers has teen found 
to be acceptable from other sludes renting the predK^ted to measured values, and s 
recommended I<h use in Montana {Equatcms 11-20 and il-GI) 

TTie mcdei usod lo predctthe p^tK: deformahons In the unbound layers was found to 
over predclthe rut depths in Ihcse ^yers. espectally the foundation orsubgrade eciI 
The pcGitive bBS found from olher studies, however, ts rekitr/ely linear acrc&s the range 
of soils and total predEibd rutDng. Local calibration shouU be able to easily eliminate 
thts bras Therefore, the MEPDG predK:tK>n mcdel for nitling In the unbound layers ^ 
fBcommended f<H use in Montana 

It s recommended Ihatthe limiting strain criteria In accordance wrth the modified Corp of 
Engineers model {Equaton 11-64) be used to ensure ihat there tssulf cent cover above 
any untound pavement kiyerand soil 

* Transverse Cracks Th& MEPDG pr^dcton mcdel has been found lo he acceptibla lor 
flexibfe [Qvemenls in nonhern climales. and b recommended for use in Montana 
[Equation 11-75) The crrlK^al factor e to obtain a reasonable esllmate ol Ihe oi^elfcBnl of 
Ihemial contractcm for different HMA mixtures used in Montana The equalion 
embedded in Ihe MEPDG (Equatcm 11-77} ts the only regression equatcm found that can 
be used tocatulale this mix property Irom volumetrc mix data -without extensive 
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iQsling. TherGlorG. the MEPDG dGlault^^lues 3.T9 iniltally r9ccimm9nded ft>ruse m 
Monlana_ 

* SmoolhnQss Th9 MEPDG predclon m<x]ell<HsmcolhiieES orlncr&asing roughngss k 
r9ccimm9nd9d I<h use in Montana, because il b based on hundreds olleslseclHDns 
placed around the U S. and v^s found lo have a reasonable error term (Equalon 11-82} 
Noolh^r model v/as found lo provde the accuiacyconsHlering Ihe diverse pavemenls 
and srl^cond items within the LTPPdalabase. 

* Raveling The MEPDG does nol predcl any HMAdsinlegralion typ^ dElresses The 
procedure developed and used within the AAMAS prDceduiewill be consdered for us^ 
in Montana f<H managing and predH:ting the performance of Iheir HMA mixtuiss 
(EquatiDn IL-80]. 

It s recommended Ihatthe limiting ^yer modulus ratKD between twoad^cent layers (Fc|ure li-2) 
be used wilhin the teal call bratcm procedure and lorluture llaxible pavement desc|ns in 
Montana. 
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PART III: TRAFFIC CHARACTERIZATION AND 

ANALYSES 



CHAPTER III-1: INTRODUCTION 

TTiE report descrttes Ihg results 43(3 revewcsl 15 monlhs<>l Montana Iruck volume and w&ghl 
data The purpose ol ihs review was Id develop Feccimmendalhi^nsand Imllc bod data sets lor 
use wilhlhe NCHRPProjecl I-27A pavemenldesgn software (Von Quintus 9t 3t 2005b). 

Tlie 15rnonlhsoldala[May 20C0lhrough July 3X1} were collected al 21 Montana We gh -in - 
MotK>n fWIM) sites and proviied to the profactteam by MDT (Von OtJirfus and MotJlif?rop 
20073) Weghl data were availab^ lor all 21 sites Extensive dab on volume by vehK:l& 
cbssrfEalon were piovded lor 19 ol these sites. These two types oldata were used to 
determine geneial ;:Qvement loading patterns in the State ol Montana 

Paftmswere devebpsd lor seasonal ijaraliDn in tx^th truck volumes and w^ghb Concluscms 
were then dtawn about how Montana sIk>uU apply its knowtdge ol these patterns within its 
pavement d^s»gn process ttirough an analyse olthe truck ttafficdata The analysis was limited 
In scope because of the restricted timeliame with sulfcent WIM data. Toconfirm the reltabilrty 
of the patterns and dentrfy potential changes in thcee patterns over time requires WIM data 
measured at standard sites over k>nger percxls of time The analyse used todevebp the truck 
traffc default values included in the MEPEXIi software required a minimum olthre^ years ol 
WIM data with more than lEOccmsecutrve days of weight data for each year at each WIM site. 

^Jos^n1cant data quality rev^wwas pertormed on the tmcktiaffEdata provided by MDT for 
use within this study Any concerns about data accuiacy that arose during the anal>SB prcc^ss 
are dentrfied and deEcnt:ed in the appropriate chapters of th^ partol Volume II Most olthe 
concerns centered on the ^^Idrty of WIM s:alecalibratcin. It s distinctly pcssibla that some of 
Ihe outlier values for seasonal truck ^^lum^ trends resulted Irom data qualrty problems 

ConclusiDns hav^ t:een made atcut the traffK: patterns ot:served These cone luscms should t:e 
carefully reviewed by MDT regarding the State's weight lav^ enforcement prcgiam. and 
^conomK: actrvity patterns The traHc analyst dd not have knowledge ol hxal Montana truck 
travel patterns, whch coub lead to different conclushi^ns atx^ut traffH: ksding patterns in 
Montana (and/or a tx^utth^ likelihcod that data used were, in fact erroneous) Accurate kxal 
knowledge s necessary to expand applK:atK>n of the general ksd patterns described in this part 
of Volume II to all reads within Montana. The vast majorttyol Montana nadswere not covered 
by the limited data set provided by MDT for use within the study, which will t^ the case for mcsl 
State agences 
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CHAPTER III-2: GENERAL LOADING PATTERNS 

Trallc h:^ing tsalunclon ollhG number ol trucks (by lypa / class ol truck) and Iha a>:^ 
wgc|hlscil^ach <X Ihcs9 Inichs The damagg caused bylraffK: incrgas^swilh bclh IhG volumg 
ol heavy Imcksand Ihg wg^hln^l lhcG9 trucks Therglorg. lod^scin a [:av9menl requires that 
Ihe analyst undgrsland how many Irucksoleach typ^ usg a parlcu^r rc^. and the kxid 
dtslnbulnn ol^ach <X ihcee lypes ol trucks. 

A strong. pro|Kt-sp9cilc counting prcgram provkles the tasc truck volumg dala necessary lor 
each pavement desc|n An adequate count prcgram consists olvehK:^ ckissilK:atK>n c<>unls 
done at or near each pavement proract kx:ahon specilcally tocol^cl data on the volume and 
cbssilEalon <X trucks using Ihe r^ixidway. and how the irucktiallE volume dstnbulron changes 
over season and time What the general Montana count program needs to provKle I<h pavemeni 
desgn purpcees b an undeislanding ol howth^se truck volumes vary overtime, and what type 
ol leads are carr^d by each hind ol truck 

ThB proract reviewed the ksding patterns and truck v<>lumes at 21 Montana WIM sites to 
determine thevar^biiityol Iruck volumes and tading paltems across Ihe Stale The intent was 
locreale a llmiled numbaror'groups thatdescnba Ihe varialon In truck volumes that can be 
expected at any given project kx^albn. as well as Ihe types ol kiads that can Ee e>:pecled 

in Gieahng these groups, the analyst emphasized FHWA truck Cesses 9 and 1S Ths decson 
was based on the lact that ar the vaslma>:3rilyal Montana test sites, meet ksd (accounting lor 
both volumes and wec|hls) s appl^d byacombinatKDn olCkiss9and Class IS vehcts. C^s 
9 trucks generally contribute Ihe vast ma>orrty oltrallH: kxid wrth Cbss IG vehclas supplying a 
5^ n leant but secondary kxid 

The excepthon to the rule ol thumb was lound at the Iwosries with the lowesi volumes (Site 102 
on &-G14 near Decker, and Site I09on S-373 near Galen) where Cbss6 vehcl&s made up a 
s^nicant portcm olthe traHic k>ad Interestingly. Ihese Iwosileswere the only ^county roads in 
Ihe dab sel. {Alloiher reads were Interslates. US-s»gned highways or Montana State 
highways ) ThE suggests Ihat roads Ihat serve primarily local truck trallK: can expect a greater 
pioportKDn o( tad lo Ee supplied by C^s6 Inicks. and Iherelore. lor pavement des^n 
purpcses. they may need lo he treated somewhat drUerently than ^rger routes. 

In a lew cases, vehcleslrom Iruck Glasses 6 and lOcontnbuled sightly more Ihan 10 percent 
olthe lolaltrallE lead, but In most cases these trucks contnbu led only mcdestly in terms ol 
tiad Ckiss Siruckswere c|nored lorlhB eHort because Ihey tend to ba quite Ightand. 
Iherelore. contribute relatively minDrarrK}un& ol pave men I damage, even when Ihey are a brge 
portcm ol total volume Cla^ lOtruchs may be ol more s^nicance. C^ss Id Irucl^ are tractor- 
semi-trailers wilh six- ormor^ axles This usually means a conventional, heavy duty, three-axt 
tractor pulling a sing t trailer with a Irdem or quad axla. These trucks can be quile heavy, and 
therelore. their presence, while rekilr/ely knv in numbar. may Ee ol Interesi lor spec rlic roules 

Tabl& 11-9 shows the three mniGts^nilcantvehK:^ ckisses in terms ol h:ad lor each ol ihe data 
collactHDn sites lorwhch volume by cla^ and Iruck weight inlormatcm were present Forthts 
(able, the percentage ol tad applied by the primary truck classes was catu^led using a 
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Iradilcnal AASHTO ESALcatutilcn l<Hllexib6 pav9m&n(s ThE Easimpte melhcd lor 
judging Ih9 r^^livQ damagg caus^ by diff9r9nl types <>| trucks 



Table 11-9 Percentage of Load Caused by Primary Truck Classes 



Site 


VahiclfClB^B 


Percentage ot Load 
Applied by Holed Claaa 


Total P ere en lags 
Each Sue 




9 


43 




1 01 US 1 2 Tawns*nd 


13 


32 


B2 




10 


B 






13 


33 




TD2-S 314 Decker 


9 


24 


75 




6 


19 






9 


3Z 




ICQ 1-94 Bad Rout 


13 


9 


93 




10 


2 






9 


79 




TD4- 1-90 MBnhattBn 


13 


9 


92 




10 


4 






B 


41 




1 D5 U5 93 ArleE 


13 


37 


B7 




10 


9 






9 


&3 




1 C6 us 1 91 FcuT Corners 


13 


16 


Bfi 




5 


7 






B 


69 




1 D7 US 1 91 Gallatin 


13 


to 


Bfi 




5 


6 






B 


BO 




ICQ 1-90 Dig Timber 


13 


S 


92 




5 


4 






G 


41 




1 Dg S 273 Galsn 


B 


32 


B3 




5 


IS 






B 


59 




110 MI 3 BToadviBW 


13 


13 


94 




10 


12 






9 


52 




111 US 12 MiIbs City Esst 


13 


21 


91 




10 


S 






9 


55 




112 1-15 Ulm 


13 


19 


91 




10 


7 






B 


67 




113 US 12 Ry^^ta 


13 


16 


93 




10 


11 






B 


64 




114 US azStanlord 


13 


19 


92 




10 


9 






9 


37 




11B US 87 FcctBenCon 


13 


32 


77 




10 


S 
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Table 11-9 Percentage of Load Caused by Primary Truck ClasseSn Continued 



Site 


,. , , -, PBrcBnlBga of Lead 
VehicleClsE. App|iedbtNotedClB» 


TotaJ P^rcBnlBgB 
EBch Sile 


fie- US 2 Havre 


9 
13 

5 


4S 


B1 


IIS: IfT 200 PsradBe 


9 
13 

10 


49 
23 
11 


B3 


202 1-15 L ma 


9 
13 
10 


TO 
IB 

S 


D3 


203: 1-90 Moaanski PrB-|]aBB 


9 

13 

5 


74 
14 

4 


92 



Conc^nlraling on lh9S9 olaES95cr9al9d somg minor bases In Ih^ liallk: ioBxi Gslimal9 buC 
1hcG9 biases w^r^ very small because IheyiVGns pn^duoed by truck cesses IhalcausG very liD^ 
pavement damage 
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CHAPTER III-3: TRUCK VOLUME PATTERNS 

Because signilii^nl numteis oldoub^-bctlom Iraitrs use Monlana htgh'ivays. Ihes9 trucks 
need lo be tracked separately from c<>mbinalon trucks As a result rt ^ recom mended that 
Montana use Ihree truck calegor^s lo create and apply seaEcnaladjuslment factors for truck 
volumes when using the MEPDG software Folbwing are Ihe three rec<>mmended iruckcSsses 

• Singl&Unrt Trucks (SU) 

• Combinatjon Trucks fComb)_ 
« h4ulLj-Tra[l&r trucks (MuLti) 

The calegoryof singfe unit trucks shoukl contain all trucks in FHWACSssgs S, 6_ and 7 
CombinalK>n trucks shouU Include all vghcles m CkissesS. 9. and Id Multi-traiter trucks shoukl 
include all trucks in FHWA Classes 11. 13. and 13 

OnJy Uirae truck classes are recommended for seasonal faclonng because at many Montana 
road sites the numberol irucks in manyol the FHWA vehicle calegoies "ivas quite small When 
small volumes of vehE^s are pr^senl. seasonal and day-ol-week adjustment faclors become 
unstable, and unstable faclofs do not improve Ihe accuracy of [avement kiading estimales By 
aggregating FHWA Iruckclasses into three brcadercategores. Monlana shouU be abla lo 
apply seasonal paltemsto Its design process while limiting the work involved in that effort and 
Ihe ellects that truck cesses with knvvolumes would have on the accuracy ol these lactn^rs 

In most cases, onescecrfc FHWA vehicle class will contribute the vast mapnly of trucks within 
each of these aggregaled truck categor^s. For example, in Ihe data set reviewed the ;>asl 
majority ol the trucks Included In the combinatcn" category comprised FHWACBss9vehcles 
Mcsl mullhtrallertrucls were Irom FhlWACIaES IS. and Ihe singla unrt category was primarily 
made up of Class 5 trucks In Ihe case of the single unrttrucis however. It b important to nole 
Ihatwhi^ Class Btrucis made up Ihe majontyol vehcles. Class 6vehK:las provKles the 
majority o( pavement k>ading and damage 

The seasonal patterns in Ihe data provded by MDT^ary by lypa o) truck. Fgure 11-5 shows the 
mean seasonal patterns I<h alls lies combined, and re presents "Monfjaa 5 bRSJCiGa^onal fnjck 
patlem Talkie ll-IOshows the numencal factors and Ihe standard devtath^n for each lactor 
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Rgur? 11-5 Truck Seasonal Patlernslor AIJ Sites Combined 





Table 11-10 Monthly 


Volume F 

Combi 


aclora 








Monlh 


ntt»cii& 


Multi-Traif^ 




1 


Monlrty ' 
Factcr i 


Sbrxisrd 
Deviafcn 


Monlhiv 
Faclcr 


Bbfxbrd 
D^viaicn 


Mon^Ny 
Faclfl- 


Sbrdsrd 
D^viaicn 




Jarusrv 


0_B4 


01G 


0_91 


OK 


0_Q9 


019 




E^ebnjBT^ 


0_7B 


017 


Q.&2 


ooe 


0£9 


016 




Uarch 


0-75 


014 


0_94 


012 


DJB 


019 




P^mH 


0J5 


o^z 


0_99 


OD7 


0.99 


02G 




Hay 


i_io 


01E 


1-05 


ODS 


1 JH 


37 




kbine 


1JO 


031 


■\j09 


OGQ 


096 


035 




Julv 


1.43 


029 


1-02 


O10 


0_92 1 


25 




AuoJ^I 


1.39 


029 


1 J» 


OD9 


1_t1 


02G 




SsplBErdjef 


1_t4 


01G 


1 JHl 


014 


^xm 


024 




Oclobef 


1J}5 


014 


1_t5 


012 


1_t2 


01G 




Novenbier 


0B7 


013 


1-00 


O10 


1 J}D 


Oil 




Dec^nbier 


0_7& 


015 


GJ4 


OD7 


0J7 


017 





HOT E: UontHy Volu me FackvB ofq conputed b^ divjc&ng Aveiags Mcnt^y Truck 

Vd LT in e by Average AnnuBlTnick Volunes 
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Gen9rally. combinalcin Irucks (Cbsses B. 9. and 10) had the l9asl seasonal varalnn. whi^ 
single unil Irucks (C^ses 5. 6. and J) had the grealeslsGaEonal^sr^lHDn Mullhlrallar trucks 
{Cbssss 11. 12. and llJ) showed a s^aEcnal [all^rn Ihalwas reasonably siml^r Id Ihalol 
comliinaton Irucks Bolh showed an increase In v<>lume In lale summer and early fall (shippers 
sending their prcduclsloslores before Ihe slan of Ihe hoi day shopping percd) Mulli-lrailer 
Irucks. however, exper^nced a decline in Iruck volumes in Ihe summer Ihal was nolseen In 
combinalon Irucks and slaned Iheif'holklay increase" earl^rlhan combinalcm Irucks 
Conveisely single unil Imcks showed asutslanlal volume Increase in summer wilh 
s^nicanlly bVh^r^^lumes during Ihe winlerand spring 

Indivdualdala collaclK>n sHes mayfrequenlly have volume palbms Ihal differ, somelimes 
s^nicanlly from Ihese aveiage pallerns. in Ihe dala suppled by MDTIhere wasconsKlerabla 
diversity in tolh Ihe singla unrllruckand mullhliallarlruch [:allerns Drversily in Iruck volume 
|]Qllerns b caused in part by drfleiencGS In Ih9 dming of seaEcnalcommcdHy movement and in 
pari by changes in Ihe volume of commcdtHS carried as changes jn both Ihe nabonaland bcal 
economy affecl Ihe numbarol Iruck Irips 

On Eome Imckroules. tcaleconomc condrlions and shipping [altemslend lo dominate Iruck 
travel pallerns. On oiher roads (parlcukirly Inleislales dominated by Ihrough-lnicklranc). 
nalHi^naleconomc trends and shipping patterns may overshadow tcalehecls Without direct 
luioivbdge of the nalure of teal commodities and lheirfk>ws. it b not [csslbla lo comment 
accurately on Ihe ra^tive causes of Ihe diversity in truck volume palbms observed als[»crf»c 
sites. 

5Drr>o of the varathDn observed in the compute average monthly truck volumes atspecifc 
Montana sites appeared lo be caused by short duialiun economic activity Forexampte. a mapr 
construclon projecl may have crealed a sutelantal increase In heavy IrucktraflK^ona nisd thai 
served that conslnictK>n site ThE temporary Increase in truck volumes may have sgnifcantly 
skewed Ihe average monthly truck volumes for the monlh when naluial resources were moved 
Inlooroulof theconstruclhiHn site Some of Ihese dramatc seasonal peaks may have teen 
caused by minor problems in Ihe dalacol^clon hardware (forexampla. mecla^rfication ol 
recreattonal vehH:les pulling cars tehind them asacomblnath^n truck) 

Some of thgdiniEily in observed rruck volume pattems b explored in Ihe folbwing Bectbns A 
far more subsbnfel analysts is required before definrtr/e stalemenis about truck trHV9PT>^tterns 
wilhin Montana can he made. What EobvK>usfrom the avalkibfe dala b that truck volumes can 
vaiy consdeiably Irom sile to site, and from year to year at indrvdual sites. Until a more detailed 
analyse (including input from MDT personnel familiar with commodity Ibws within the Slate and 
Ihe basK: shipping patterns assccQied with th^se key commodities) can be performed tocr^eale 
a more delinlr/e approach to seasonal factoring, it s recommended tharMDTadopta 
incdeiatelysimp^ approach to seasonal tmck volume adjustments 



III-3-1 SEASONAL PATTERNS FOR SINGLE UNIT TRUCKS 

As noted above, sing^ unit trucks had the mnict seasonal var¥itK>n of Ihe Ihree Inickclasses In 
additcm. sle-specrfk: travel patlerns forsingla unit Irucks were not very consBtentacrc&s sites. 
The aveiage standard devtatcm associated wilh the mean monlhly lactors. illusliated in Figure 
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11-5 and shown in Tabla 11-10. avgragad jus! undgrO 18. whch corresccndsloacoaffcenlol 
vartalcm <X a tout 18 percgnl. 

F^ure 11-6 illuslralQS Ihe diversity ol seasonal adjuslm&nl laclois comptiled lium Ihe 15 monlhs 
ol 2000 and KOI dala provKlgd bylha MDT rtole Ihallh&se laclors are computed Irom 15 
conseculiv^ monlhs ol dala. bul Ihc&e 15 monlhs do nol Include a compete calendar yg^r AH 
15 m<>nlhsare llluslrated In Fc|ure ll-6loshow Ihe Iruck volume changes Ihalcan accural sites 
Irom year lo year Peakm<>nlhly laclors lor single unrl Irucks were olten greater Ihan 1 EOor 
less Ihan 7 In olher words. Ih^average-day-<>l-m<>nlh single unil Iruck volume ranged 
telween 50 perceni more Ihan Ihe average annual day lo 30 perceni ^sslhan Ihe average 
annual day Toesllmate average annual condilons Irom ashon duralKDn counl. Ihe shorl 
duralhDn counl wouU be drvded by Ihese laclors. 

II ts apparent Irom F^ure ll-6lhallh^ basic shape ol Ihe seasonal dtslnbulion olsing^ unH 
Iruck volumes was reasonably console nt across Ihe 18 sites lor whch dala were provkled 
However. Hie actualseaso^daladjuslmenllactorlora grven monlh al a gri/en sile varied 
consderably Irom Ihe average slalBic lor all siles The slandard d^valion oleach monlhly 
laclor was generally equal lolhe size ollhe adjuslmeni being made lorlhal monlh ThB means 
Ihalwhi^ use ol Ihe laclors would improve Ihe accuracy ol Irallc h:ad ^slimates. Ihe adjusted 
bad volumes we r^ nol prec^. 

An altemplwas made logrouplhe 18 slalions Inlo'TegKDnaf Iravel lim^ palterns Unlorlunately. 
Ihe varElion tolh Irom monlh lo monlh and Irom site losite was so large Ihal Ihe resulting 
"regional monlhly laclors did nol provkle asc|nrlK:anlly belter esllmalK>n ol seasonal Ire nds 
Ihan usaoJ the average cond Hon lor all pavemeni kxiding analyses nol kxaled near a read wiHi 
a pQrmaF>9n1 vehbFe ctissilcalKDn counler 

Because Ihe single umllnick volume pallems were primarily Inlluenced by Class 5lrucFs. whch 
cause relalrvely lillla pa ve me nl damage, a tesi was perlormed lo ensure Ihal Ihe sing^ unil 
monlhly laclors were applH:able lo Class 6 Irucks 

F^ure 11-7 shows Ihal Ckiss 5 and Ckiss 6 volume patterns were slmi^r The sbndard 
dev^lions lor each ol ihe monlhly laclors lorbolh classes were reasonably simikir in size, 
averaging around 2 Ckiss 6 laclors were sighlly more varabfe Ihan Ihcee ol C^s 5 because 
C^s€ volumes were bwerand Iherelore. tessslable Ihan Class 5 volumes 
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Figure 11-7 FHWA Class 5 and Class 6 Monlhry Volume Pallems 

Bocauso tiw volumes ar& Inherdnlly unstable and t»caus9 1h@ tv/o pan9rnswQr9 similar, il e 
T&cximm9ndgd Ihal seasonality lorGtiss6 Irucks remain within th9 combined single unil Iruck 
lactor FurthermorQ. i e recommenrled thai lor Montana's truck seasonality com putatcsns only 
□ne singb unit truck seasonal or monlhlydElributcn laclof group be used In other words. Uiq 
luonthly volume dtstnbulKn tactors should t» Itiesame lorallsirigb unrttrucl<s 



111-3-2 SEASONAL PATTERNS FOR MULTI-TRAILER TRUCKS 

The multi-trailer Iruck classification e predominately made up of FHWACbss I G vehicles On 
Montana's high volume rcQdways. belween 10 to 15 perc&nl of all mu Hi- trailer trucks may have 
teen from FHWA Classes II or 12 but the remaining B5 to 90 pemani were FHWACBss 12. 

Forall sites combined, multi-trailer trucks had the mcEt I kit seasonal pattern of the three truck 
cbsses As with the single unit truck factors, hnnwever. individual sites frequently exhibited 
seasonal fluclualnns that were subslant^l These large fluctuations were caused by a 
combinalon ol small volumes of very large trucks and changes in kx:alcondilcns From the 
data provKled liy MDT. it e impossible to determine whether the stgnrftcanl volume fluctiiatons 
otEerved at specrfic sites were port of aconsElenttrend (agri:ultural harvests), or whether they 
were caused liy unusualof one-Ume occurrences such as constructnn pio^cts 
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A rgv^wollhe seasonal patterns lor mullhlrillar trucks al9ach 5il9 5h<>w^ that three WIM 
4102. 111. and 109) had mulli-trail9rlmckvolum9s Ihatw9r9 tco k>w lo produce stabfe 
I adjustment faclor^ Site ICQ had Isss Ihan I par day Site 1 1 1 averaged juslover II 
fTiulti-trailGr trucks per day. and allhough Srte 102 averaged just under 20 multi-trai^r trucks p&r 
day on an annual basrs. wilhoutthe lourhgh volume months batween Septemberand 
Decern t:er it looaveiaged II trucks per da/ Because of the bw average annual truck volume, 
all three ol these sites had relatively unslabl^ seasonal lact<>fs for multhliai^r trucks and were 
lemoved fiDfn mcGt truck volume seasn^na I analyses. 

£rle 102. however. provKles an excel^nt lllustiation of bolh the importance and dilfK:ulIv of 
using seasonal lactors lof truck volumes in pavement desgn During the lour-month percd Irom 
59pbmterto December, thtssrte averaged almcel SO mulli-trailerlrucks per day with a 
saascnal peak in Septemberol over 4& Irucks per day During the rest of the year the srte 
expenenced just over 11. while in Ihe summer monthly multi-traiter truck volumes fell to 6 or 6 
£oan unadjusted vehicle cbssilbalon count taken in the mkldb of the summer (June/ July) 
would undereslimate Ihe average annual daily kiad applied by multi-trai^r trucks on the r^^ad by 
a factor of roughly three to lour Thai same count woub underestimate average annual 
combinalon truck volumes by roughly ED percent A count lahen in SeplemherwouU over- 
eslimate average annual kiad by a factor of roughly two 

Allhough most sites dd not have thts extreme level ol seasonalrty for mulli-trailer trucks (refer to 
F^ure 11-8). data I<h many of Ihe sites showed monthly surges in heavy truck traffc The result 
of these perKxIc fluctuatK>ns in multi-trailer Iruck volumes was that Ihe standard deviatK>n of the 
seaEcnal factors was hc|h Unfonunately. attempts lo create lactor groups based on gecc|raphE 
bcatjon and'<H rcadway type were unsuccesslul Thts observation was made Irom analyzing 
over 250 WIMsileswilhin the LTFP prcgram in determining Ihe gbbaldelau It values (ARA 
20043). Mostol Ihese 250 WIM siles. however were kxated abng Interstate or primary 
ninad ways where the gecgraphK: location would t:e expected to have a minimal effect of the 
monthly d£tnbutK>n faclors 

Forexampte. a revBwof Ihe Jinuary and February factors showed Ihat mcstof the siles 
exhibled January multi-trai^r truck volumes that exceeded annual conditions were tzcated 
lowards Ihe eastern ponon ol Ihe State {Sites lOlJ and 11 1) orat laastare farther easi than 
jTicstof the other WIM sites (Sites KB and 33G) Creating a faclorgroupol these four sites 
resulted in a marginally batler factor group than a group consisting of all^ald sites lor Ihe State. 
The mean standard deviatcn lora monthly factor of the "ea5( laclor group was 20. white the 
"sil sfi9s }n ihG Siai9 lact<H group had a mean standard devtatcm ol just under 2Z The "non- 
e^^Cem" group of sites had an average monthly lact<H standard devotion of 0.20 The remaining 
sites in the S^te were then grouped tcc|elher. 
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Tli9 r95ullwa5on9 [atTern wilh a minor volume paah telween December^nd February, and a 
second wilh a minor [Hak between April and May |see Fc|ura 11-9} Bniih pitlerns showed 
increased volumes during September and Cctoter when shipping pckfd up to meet holday 
season demands In additcm. both [allernswere marginally more homoge neons than Ihe 
"3VGragG !onh& Sfa?^ ojffem However, crsallng two pallems would mean ihat MDTwouH 
need a mechansm for determining which rc^ways in th^ Slate lell Into which ol these two 
patterns Fore>:ampy. alwhal poinl woub a milepcston 1-90 slop being In Ihe'^jjfem faclor 
group and start belonging to the ^oil^Grpart^ of the SiatQ gnifup'^ 
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Figure 11-9 CcHnparison ol Eastern and Non-Eastern Monthly Seasonal 
Patterns torMultl-Trajler Trucks 



Without detailed knowtedg^ ol the commcdity Ibws occurring on Montana's hE|hways. rl e not 
jxzeslb^ l<H the analysts to determine whch ol these approaches e truly betler II Irseze Ihaw 
damage due lo kiods were a concern in either February or Apnl then the dilfer^nce In seasonal 
adjustments pfcduced by using these h;/ognDups. instead of a single group. m»ght justly the 
additcinaleflortol determining which factor group each Montana n^ad shouU t^bng lo. If 
Ireeze Ihawwer^ not an issue, then the tsneirt might note>Lceed the ccslol the more complex 
procedures necessary to apply seasonal adjustments with more than one [bittern 
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HJ-3.3 MONTHLY SEASONAL FACTORS FOR COMBINATION TRUCKS 

The seaEonal [atlerns lorcombinalcn trucks weie d<>minal9d by Ihe IravQl patlarns csl FHWA 
C^5 9lnichs Class 9 trucks (lracl<HS9mi-lraitrs) generally make up between 70and 9l) 
perceni of allcombinalon Irucks and generally account Ior40to70 parcentof all [air9rnartl 
loadings or damage. 

The aveiage combinatiDn truck seaEcnal [stlern was quite simi^rtothe average patlem lor 
mutti-tra lie r trucks It was reaEcnably l^t. with mcdest increases in volume during the winter 
months However unlike multi-tiai^rtrucks. the combinahon truckv<>lume pattemsv/ere 

stabfe from sile losite and Irom month to m<>nlh Fgure 11-10 illustrates the range of 
I factors at all siles for whH:h dala were provded 



While a ^rge number of Montana siles had monthly multi-trai^rfaclors of less rhan 5or 
greater than 1_5. rebtively few sites had monthly factors for com binatcm Irucks that were less 
Ihan 0.8 orgreaterlhan I G In addilion. when laken asasing^ slatewde faclor group, the 
average standard deviatcm lor monthly com binatcm laclors (0.09) was less than half that ol ihe 
correspDnding value for either single unit or multrtraitr trucks ThQ ma>orrty of theexceptcmally 
htghorbw pornts seen In Fc|ura 11-10 are belteved lo be the result ol prob^ms with Ihe data 
collactK>n equipmenl. rather than Ihe result of real changes in truck travel behavior 

One selol hc|h E^asonalrty laclors thatdKl appear to be real was the relalryely h^h peak In 
Iruck volumes ataboul one-third of Ihe sites In October These dala coltclion siles (Siles 105. 
110. 111 1 1 G. 114 and 1 10} expert need combinatcm tmck volumes In O::tob&rthat were 
more than 20 fercenl above average annual conditKDns Asingla lactor group from these sjtes 
wasestablshed to try to capture these heavy seasonal volumes 

1f these sites were combined Into a group and all remaining sites wrth gccd dala we regrouped 
]n a second seasonal lactor group, the average standard devalion f<H monthly factors wouU 
decline sightly lor both groups {from 0.9 lor the statewkle group to 8 for both new groups) 
Crvding these sites inlogroupe woub provKle a slightly more homogeneous set of monlhly 
dtstnbution factors 

However, ths group wouU be completely drfferent from the seasonal factorgroup that was 
dEcussed for multi-trailer trucks. A review of Ihe sites with hgh October volumes showed thai 
Ihey were gecgraphK:ally spread throughout the Slate of Montana Interestingly, everyone of 
Ihe siles was kcated on a US-s»gned route (e g . Srte 105 was located on US-9G) In fact, all bul 
Ihree of Ihe data collecthon sites tcated on US-sc|ned routes in Montana were in the above lEt. 
and tho&a three siles (Sites 100. 107. and 115) all had Octoberseasonal lactors above 1 10 
and. therelore. coub be added to this seasonal grouping without sgnifcantly changing the 
homccienertyof Ihe lactor group Such an apprcach wouU alk>wany U&-sc|ned route to be 
assccQied wrth that seasonal lacl<H group All other roads In the S^te woukl be ass<x:iated wilh 
the rest of the Slate group 
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F^ure JJ-10 VdjiIIiIv Seasonal Faclofsfor Coniblnallon Trucks 
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As wrlh Ih9 mulli-lrall9r Iruch laclors. il b nolclaarwhQlh^r use ol Ihe^plil bclor group woub 
aclually ba better than using a single statewide group Unlike the two mulli-liallar truck faclor 
grou[K. the seasonal [atlerns for these two groups were minor excepi lorlhe months 
Immedialely surrounding Octobar Better knowledge of Ihe ec<>nomc aclryltyand commodity 
fnovemenis taking ptce wUhin Montana ^ needed iDjudg^ the menb of the spill factor 
apprcach tocombinatiDn lactors. 



III-3.4 RECOMMENDATIONS FOR SEASONAL TRUCK VOLUME 
FACTORING 

For Ihe inHQlcalibfabon of Ihe MEPEK^ in Montana, rl ts recommended that either statewide 
aveiage seasonal faclors he used orfaclorsforsite-spa{:ilE WIM kx:alions {see Volume I. 
F^ure 1-6) (Von QuintuA andMouithrop 2007r). Whila minor improvemenl in the accuracy oJ 
Iruck volume estimates mght be gained by using multiple seasonal factor groups. Ihe 
compla>:ily thai such an apprcach wouU bring to the tralfc tad estimatK>n process dnnes nol 
appaar lo be "ivananted at thts time 

To apply muhipfe seasonal truck factor groups. Montana woub have to track and apply more 
Ihan one setol factor groups for each pavement desc|n Th^ woukl likely he a complex process 
todevek>p. imp^ment. and maintain The truck volume var^bilrly observed In the data b a 
result of day-lo-day^^lu me lluctuatK>ns In truck volumes by class ItwouU he adifcult task for 
defining the road segments that should te assccaled wllh spec'fic Gea&Dna' patlerns oteerved 
at the VVIM sries t^r/en the high level of truck volume var^birryake[iay present and the 
diflculty in delimng approprate r^ixidway segment, the benefrb in accuracy thatwoub resuh 
from the applk:alion of muhipfe factor groups do not appear to he sutelantQi. 

Consequently, it b recommended thai MDT continue to analyze lis growing archrye ol truck 
volume dala In addllK>n to the mathemalK^al analyst of those data, the MDT shoub consull 
experts who understand the economc actpyHy patterns ol the Slate and can provKle 
QxpbnaliDns of what is occurring in theob&ened patlerns and help deve tip more rational and 
easer to apply factor groups 
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CHAPTER III-4: TRUCK WEIGHT PATTERNS 

Th9 sam9 16 m<>nlh5<>| WIM dad Ihalwgr? us9d loanalyz9 SGaEcnal^^lum^ laclofs w^r^ 
r^vi9W9d lorlruckw9C|hl inlormalDn HciW9V9r mulllplG cas9s<>| pcssibfe WIM scala calibralK>n 
drrflwerg nol^d and are diEcu^9d bri9lly in IhE chapter ol Pan III ol V<>lumG II. Except in 
^xlrem^ cas9s no data were r9mDV9d oradjusled during IhE analysts As an ^xampt. 
suspected calibralon dnh at Site I IG mad9 rt lm[CG5lbla locbssrfy thtssrte into a truck we ght 
group Consequenlly ihB site v/^s removed Irom Ihe data E^entially. the marDnty of the 
analyst perlormed forthB pro|9ct assumed that the data supplied by MDT were va\ti 

It sdishnclly pcGslble thatax^ weight will vary by kine and bydirecton. Lghler Irucks may be 
fnore likely lo use Ihe [Kissing kine whereas heavier I nichs may he m<He likely to use the rc|ht 
or slow tine_ Similarly, experence wilh data submitted to the LTPP prcgram indicates that 
diiectcmal k>ading [trucks are taded in one directcm. but empty in Ihe reverse direction) can 
cccurat many sites MDT may wish lo expand thts research by col^cting mor^ WIM dala and 
performing an analyst of that dala as MDT prcc|resses through the impt mentation prcceES of 
Ihe newMEPDG 

For Ihe analysE. Iruckwe^ht records, or W-card records, were obtained Irom MDT The data 
were run through a Beta ^isonol the NGHRP Project 1-39ECiftware (CambrtdgG 2005} 
Monthly izad dEtributcmswere then examined I<h tandem and sing^ axl^ The majority ol 
effort vjas spant examining kiac dE?lr~butions lor FHWAC^s9 trucks because thcee trucks 
were res[»nsibte for far mote tiallic loading and pavement damage in Montana than any other 
cbssrfK^ton hdI vehicle 

It was determined that in many but not all cases, sites with similar C^s 9 tandem k>ad a:<t 
distributions had simi^rCkiss 13 tandem axle bad detributions. and that Class 6 tandem axle 
load dBtnbulions lor thcee sites were reasonably simibr In other words, rf Site I and Site 2 had 
Ckiss 9 tandem a>:la h:ads with similar shapes, then Ihe Ckiss 13 tandem axl& h:ad d^tnbutions 
at those two sites would have similarshapes Asa result ol the ot:een3tcin In the WIM data. 
Ihe grouping of Montana WIM sites was bised on the oEserved k>ading patterns ol C^s9 
tandem axle bads ThQ axla izad dEtributcm hBtcgrams were based on the input ax^ weights 
categores used by the MEPDG soltware The axle wec|ht tx^undariesass^x: rated wrth these 
categores aregrven in Appendix h-A The groups were named alter the shapa ol the k>ad 
dtstnbution pattems. and only a minoramount of analysts was given to the axle bad 
dtstnbutions of theothervehicla typ^ 

One other ot:Ger\>ation from the analysts ofmultip^vehcla classes was that sites that tended to 
Jiave heavy axla izad dEtributcms rekitrye to other sites in their group for one ckissol vehicles 
tended to have heavy axla izad dEtribtitcmsforallcbsses of trucks This observation led to the 
speculatcm that these trends were pnmanly the result ol min<H WIM scale calibration problems, 
rather than truly d ihe rent truck bading characteristics Th^spaculaton ts tased on Ihe analyst's 
expenence in analyzing WIM data from LTPP and other agencies where dnlt in the WIM sca^s 
was lound It e recommended that MDT check all portcmsof the WIM scab calibfation process 
lo confirm or reject thts specu^tion 



-79 






111-4-1 GENERAL AXLE LOAD DISTRTBUTION FINDINGS 

Fry^ base patterns nDirmck axle we^hldElnbulJons fTnickW&ghl Road Groups [TWRG]) were 
observed in Montana s dalalor FHWA Cbss9lruch3_ F<h pavemanl des^n. indrvdual roadway 
segments wouU be assc|ned to one <X these groups based on the nalure of Iruckliavelon that 
4i>ad segmenl. and the axte k>ad dt&tnbulon f<H Ihal group would then be used, abng with the 
number ol Irucks for each truckclass. to determine the e>:|:ecled pavement kiad on Ihat 
nznadway. These fr/e TWRGs were based on the shape ol Ihe tandem axle bad dBtribution 
found lorClass9 Iruchs. 

The five TWRG groups with hom<>geneous bading patterns are delined bebwand dscussed in 
inore delall In the Mbwing seclions of thts chapter 

* Primarily Leaded - Sgnrfcant Lead 

* Bimcdal Leaded - Primarily hteavy Lead (greater number ol heavyweghl than 
lightweight trucks) 

* Bimedal Leaded - Primarily Even Lead (dtstnbution between baded and unkiaded 
trucks) 

* Ljghtly Leaded - Prlmanly Empty 

* Fbt Drstributcm - Even Lead 

A bnel review <>| monthly changes in axte bad dstnbutions was conducted for each of the WIM 
sites lorwhEh data were prov^ed Thai revew indK:ated Ihat WIM sca^ calibralon drit (a 
conststen I Increase ordecr^ease In the measured ax^ ksds} mght have sc|nlfK:antlyaflected 
Ihe ksding rales described in thts chapter A thorough invest»gatK>n of these concerns was 
teyond the scope of the analysts effn^rt MDT b encouraged lo perlorm such an analyss. as the 
hIEPDG uses monthly ax^ lead distributcms. and Ihe vartatcm observed in Ihe data at many 
WIM sites woub ba brge enough lo affect pavement desc|n decEions. 

Four E>cel lileswere created for the analyse effort These fites contain the bading patterns, by 
inonth. lor both indnyKlual sites and the TWRGs. MDT may include these data in the pavement 
desgn and performance analysts processes lo evaluate if there is a continued shrfl in the a>:le 
load spectra ordstributhon measured over lime 



111-4-2 PRIMARILY LOADED - STGNIFICANT LOAD 

The fiislTWRG Klentiled in thts study scalfed Primarily Loaded It represents sites where the 
vast maprrty of GSss 9 trucks opeiating on that rrBdwaycarr^d asgnifcant fcad ForCSss9 
Irucksal Ihesesiles only one obvii^us peak was observed in the landem axla h:ad d^lnbutHDn. 
F^ure ll-l I shows Ihe average of the 1 2 monthly load dtstnbutbns lor each ol the seven 
grouped into the TWRG 
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Figure 11-11 Average Annual Tantfem Axle Lckad Orstrlbullon for Class 9 Trucks. Primarily Loaded Truck 

Wetght Road Group 
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Th9 only stgnilii^nl [eah m Ih^ landGm ax^ iDBxi dBlribulHDn shown In F»gur9 11-11 corras[»nds 
1o Iand9m a>:la kiBxis n^ar Ih9 l^gal limrl Th^ axlos w^gh roughly SO.COOlo GZGGO pounds and 
ar9 aEsccBlQd wrih lully t^^d S-axla. Iiaclorsgmi-traibrs S&q Ap[»ndix ll-A lor Lhg WG^hls 
assccQied with each calggoryol axl9 bads 

An a>Lla h:^ d^lnbulK>n ol this type indcates Ihal heavy trucks on these roads are h:^ed lo 
near their ^gal limils. and Ihatthe ma|orrty of Ckiss9tnichs using Ihese reads are fully h:aded. 
ThB pattern ts common to Interstal^ hghways in rural areas thats^rve s^mlcant long-haul 
truck movements Not surprising ly. all exceplone of the Monlana WIM sites associated wilh this 
Iruck'ivecihl group are kxated on niial Interstal^s Site GOI e tcated on U&-2 {noi an Intersbte 
highway) near Malta in the north central [crtK>n of Monlana. and Ba pDrlab^ WIM site, whtch 
coukl hav^ different ax^ load dtstnbulons because Ihe measurement equlpmeni b drflerant. 
ThB site was Included in the analysis because il e Ihe only site wrih data provded by MDT 
along a rural non-1 nteislate roadway. All WIM siles Iccaled on Monlana 's Interslale syslem were 
cbssrf^d wrihin Hie group allhough Sites 119. 202 and 112 had enough of an unleaded peak 
Ihal they mtght hava t»en IncJud^ jn the ijjmodaJ-heavy group 

The Ctiss 13 tandem axle tad dEtributK>nsfH3f the drfferenlsiles in the TWRG were not nearly 
as unil<Hm as these forCtiss9tnichs (compare Figure 11-12 wrth Fgure 11-11) Unlike Glass 9 
trucks. ClaES llJ Irucle weghed atfrve of the ec|hl siles in this group had tcth k>aded and 
4jnk>aded paale F<He>:ample Sites 1C6 and 119 had very sutelanlQl peaks in Ihe fiisttwo 
htstcciram ranges. whK:h corresponded lo tandem a>:lss t^lowG.OOO pounds and bahA^en 
6.CX>Dand S.COO pounds. hHowever. the size and relative pcsrtK>n of the untaded peaks differed 
from site to sile- Sites lOG. 104. and 203 had nosubstanlially unksded peak In the Cbss IG 
landem axle dtstnbulion lor this group 

The faci that Ihere v^^re unkiaded peaks in Ihe tandem axle dtstnbutii^n indcates that a 
sgnicant portcm of these trucks were most likely ope raling wrih trip<H(gins and destinatcms 
wrTfrln roughly four hours or ^ssol each other. Therel<He. a stgnrfK^anl pcnion ol Ihe C^ss 13 
tnpG at these sites were likely not bng d^lance hau^. Long dElani hauls are uneconomii^aland 
not probibfe 1 the reveise haul musi be made empty, whereas Ihe marDnly of the C^ss Gtruchs 
were probably m bng haulservce 

The vartabilrty seen in Ihe axle bad dBtnbutiDn for Class IS trucks means that the group's 
average axle load dtstnbutGn would not be as accurate a tadeslimate for any one sile 
assccQted with thE group as itwouU be for the Class 9 bad d^tribulion For some of these 
sites (e.g. Sile ICS). the group average would over-^stimale bads applied by Class ^2 trucls. 
while atolhersrtes (e g . Site 203} Ihe group average wouU undereslimate actual bads 
Because the Class 9 bad esllmaleswere much more simibrwhen compared between sites, 
these eriDfs wouH be much fess common and/or pronounced forCtiss9lnicks 

F^ure 11-1 G shov^ Ihe tandem axle wec|hl dBtributK>n forCkiss6 Irucks for the site The axb 
load dstribuliDn forCkissGlnickswas more unilorm Ihan thai f<H Class IS. bul ^ss uniform 
Ihan that forces 9. The b^gest discrepancy in the unrf<Hmltyol thB a:<t k>ad dtstnbulion 
group was the unusually brge numterol very lightly b^ed axles lor Sites ICe and 20:^. as well 
as the very Itght k>aded paahfor Site 202 
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Figure 11-13 Average Annual Taodem Axle Load l^slrlbulion for Class G Trucks^ Primaj^ilv Loaded Truck 
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AIsodI inlerQsl in Ih9 Ckis5 6griphc {F»gura 11-13} rslh^ lad thai roughly 1 [>&rc^nlollandfm 
ax^sal S1I95 lOS. I04-. and 1G6 W9r9 40.000 pounds orgr9al9r (h^<>gram cal^or^s 19 and 
up] Th9S9 V9ry h^avy axl^s were not nearly as preval&nl in Ih9 other liv? sites in th^ group 
Thes9 V9ry h^avy axles woub ba likely to have a substantial impQcLon pavement life and. 
consequently, pavement desc|n 

Wh^n F^ures ll-l I. II-IZ and ll-HJ are taken tccielher. Ihey do suggest some scale calibfatbn 
concerns. l=ore>:ample the Iccalnns of Eolh h:aded and unleaded p^aks in the tandem axle 
dtstnbulDns for Sile 202 were geneially lighter Ihan those of the other six sites Conversely. 
5rles lOS and 104 had heaver loaded and unkxided paaks {more heavy axles) than Ihe other 
5b:srtes These consistent drfferences may have baen caused by minor differences in scalg 
calibiation at Ihe different siles 

£rte ice tended to have tolh rabtively htgh numbeis of very heavy axlas and very Ighl axles in 
compareon to the oihersiles Th ts could indK^ate ihattruckdynamK: mohon was hgherat Ihe 
site than at the other sites in the group. whK:h n<Hmally means thai Ihe pavement near the s:ala 
IS not smcolh. causing hgh levels ol dynamK: vehEle motion This in turn ^ads to abnormally 
h»gh numbaisofvery Itghtand very heavy axles being reported II means Ihatthe pavement 
loading estimate bised on a>:la dBlributK>ns Irom Ih^sile may overestimate aclualtraffK: 
loading, because very heavy a>:las have a disproportK>nate effect on pavement des^n than very 
l»ghta>:las 

Using an average axle k]ad dEtnbutEm lor Ihe entire groupol sites, latherthan the load specira 
lor a single site, would dampan Ihe eflectsol these pctenlialscat problems i\ b therelone 
recommended thai MDT use an average h:ad speclnim for Ihe group as a whole lor all 
pavement design and calibraLon ehor^ using the MEPDG 



111-4-3 BIMODAL LOADED -PRIMARILY HEAVY LOAD 

The second dBlnbutK>n gioup examined was very simi^r to the lirst in thai there was a 
s^nicant baded paak in Ihe tandem axle bad dBtributhon for C^ss 9 trucks The primary 
diherence belween this group and the last one b that sites in Ih^ group had a h^her level of 
unloaded Cla^ 9 truck tralf c Ths resulted in a more notk:eabt unleaded peak in the a>:la kiad 
dtstnbulion (see F^ure 11-14). As with all grouping effn^rts. however. Ihe toundartes belween this 
group and Ihe Primarily Leaded group were somewhal arbitrary None of these sites was an 
IntersBle four were US-sgned routes and one was a Montana State route Th&'f were not 
gecgraphcally reeled, although Sites 106 and 107 were only B mites apart on US-191. They 
appaar lo represent sites with heavy truck movements, but with a modest number ol empty 
Iruchs mixed jn with the heavily kiaded Lnichs 

01 parlEu^r inleiast in Figure 11-14 tsthesc|nifK:ant number of very heavy tandem axtes at 
Sues 106 and 107 It b notc^arwhelherUiE iDsultodfrom Eca^ calibraton pni^b^ms or b an 
IndEalon ol over-baded axtes at these twoskes {Ihey were only 9 miles apart) Very heavy 
landem axles were present at Ihese two sites for both Cbss IG and C^s6 Irucks [see Ftguies 
11-15 and 11-16) Very heavy axfes were also present in Cbss 6 trucks at Site 1 1 4-. but only to a 
mcxiest extent for Class 13 trucks al Ihatsite 
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Figure 11-14 Average Annual Tandem A]cle Load l^slrlbLJlion for Class 9Truck3H Heavy-BlmcMlal TnK^k 

Weight Road Group 
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Figure 11-15 Average Annual ToAdem Axk Load Dislrlbiilion for Class 13 Trucks, Heavy-Blmodal Truck 

Weigh! Road Group 
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Figure 11-16 Average Annual Tandem A]cle Load Dislrlbulion lor Class G True kSn Heavy- Blmodal Truck 

Weigh! Road Group 
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Olh9rlhan the diff9r9nc«s in Ihg exl9nlDl4:hii^rk:ad9d ax^s observed, the Iand9m ax^ 
drslnbulnns mgasurEd allhg srl^swrlhln this h^avy bim<xlal group 19 ndgd Id b& mor? 
hDmcc|^n9Dus lormcslc^ss95Dl Iruckslhan Ihcee <>teerv9d in Ih9 Primarily L4:ad9d group 43I 
Inldrsbt9 5il9s. Th^giDupaveiag^sarg gen^mlly an 9XCGl^nld9EcriplDrDllhe kiBxis carred al 
5il9s with in lh9S9 groups 

Th9 lwodillK:ull^s3ssccQl9d wrih IhB TWRGar^: 1) Ih9 group ilsell may b9 hard lDdelln9 
{whch r^isds wlhin Montana should te asEocial9d wrlh Ihe group) and 2) Ih9 lad thai Ih9 
pr95enc9 ol4:hV9rtLad9d axts in som^ bul nolallsil9s wouU resull in d1l9r9nl [:av9m9nl kiading 
ral9sl<H those sites. 9V9n though the shape of Ih9 twodBtnbutii^ns ar^ similar Ov^rlcaded 
ax^scan b& so ImpcrtanI lo pavem9ntd9sgn Ihat rf ov^rkiadlng Bas pr9vatntassugg9sl9d 
by lh9S9 data. Montana mtghtv^nt loconsclerdev9bping a TWRGspecrfcally lo handl9 roads 
wrth ihB lav9lol overloading. Th9 only bsu9 Ih9n would t^ tod9l9nnine whtch rc:adsegm9nl5 
ar9 applcabla lothe fr9quent overbad truck W9^ht group The statement assumes, ol course, 
thai Ih9se dala do nol have m9asuremenl errors, exclude measurements being influenced by 
pavement toughness at the WIFl^ site, and the WIMequipmei^t has nodrrlLorcalLbratiDn eirors. 

Wlhout having tetter local knowledge olrhe prevalence of overtzads rt e inrttally recommended 
Ihalth^ be treated as a single group Averaging of the a>:la h:ad d^lnbutcm patterns lor the five 
sites will dilute Ihe effeclolthe overtaded axles somewhat, but il will a^o result in a 
conservalpye tading desc|n for non- Interstate Montana midways Ihat are carrying leaded 
heavy truclis. 



111-4.4 BIMODAL LOADED -PRIMARILY EVEN LOAD 

The thiid TWRG had a very baBnced tandem axte load dEtnbulcn For sites in the group, the 
baded and untaded peaks v^ere roughly equal in height, as shown in Fc|ure M-17 This 
agndes that Ihe numbers ol t^ed and unleaded Irucks on these reads were roughly equal As 
wilh Ihe heavy bimcdal group, the WIM sites alkxaled to thE group were all US or Montana 
Stale roules Srte 103 was on SR-314. where icarredonly 10 to 36 Class 9 trucks per day 
These siles were spread gecgraphK^ally around Ihe Slate 

01 stgnrlicani interest lor ihB group ts what appears to be an overtraded conditcm lor Srte 102 
All three ma>or truck calegor^s (Classes €. 9. and 1 3} showed very heavy landem axles at th^ 
site, bul not at the ol her lour siles in this group ^see F^ures 11-18 and 11-19). It b unkncwn 
whether the ^rge number ol overkxided ax^s was Ihe resull of a h»gh percentage oloverbaded 
vehE^s or peer Ecala calibratcm at thts low volume WIM Ecale. 

There were very few lightly taded tandem axles I<h Class 6 trucks at ths site. whK:h m^ht 
indEale over-calibfalion of Ihe scala. hlowever the number of l^hl tandem ax^s was 
feasDnabla f<H bolh C^ses9and 1S whch mtghtsuggesia problam with overtaded trucks at 
Ihe srte. 
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Figuie 11-17 Average Annual Tandem Axle Load Dstribulion for Class 9 Trucks, Blmodal Truck Weighl 

Road Group 
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Figure ll-1fl Average Annual Tandem Axk Load DisErrbulton lor Class E Trucks, Blmodal Truck Weight 

Road Group 
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Figuie 11-19 Average Annual Tantfem Ax\e Load D^rlbulion forCtass 13 Trucks^ Glinadal Truck Weight Road 

Group 
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To tchlorlurlhQr insEihllnFo Ih9 sFalusol Ih9 S1I9 lO^scalg calibnilDn a rev^wol lh9 12 
monEhlysingla a>:ls kiod dElribulh^ns lor Class 9 trucks is shown in F^ur9 11-20 For a 
cofisBl9rilly calibr^tQd sil&. Ihs dtstribulchn shoukl b& slabt Ihroughoul th9 y^ar Figur9 11-20 
lndE3l95 ihallhs scal9 c^libolHon lor this sile may nol have b99n slabla Ihroughoul much ol Ih9 
year Wilhoul t»cal hnowl9dg9 ol9>Lr:@cl9d chang9s in Ih9 commcdil^s b9ing carrl9d al lhBsil9 
loconlradctthts conclusHDn. th^ recommendatcm is lo r9mov& ihB 5it9 liDin the group average 
II add ilhuiial analysts shows IKal a s^n1can1ov9rlGQd condiUon e>:Bl5 al S1I9 102. Ihalsil9 may 
n99d Id he Ir9aled as a unique Iraffic loading pstlem. 



111-4-5 LIGHTLY LOADED - PRIMARILY EMPTY 

The fourth IWRG r^pr^senls nied segments where unloaded Injchsdominal^d the Truck 
tiding pattern Figure 11-21 illustrates the tandem axts tod dElributcm pattern common lo 
Ihese sites. Asgnicant [sakexEls forv^ry lightly kiiaded tandem a:<ts. with little or no p&ak in 
■he k]Qdeda>Ll9 "iW^hL langes 

ThE pattern e re lalively common in Lhe national LTPP database, bulonly twD sites In Ihe 
Montana data suppled lor IhEGhon illuslraled thB trend One of Ihcee twosiles. Site ICQ was 
on a bw truck volume read {SR-273_ near&ilenj It averaged lass ihan five Glass 9 trucks per 
day during the year and essentially no multl-lrai^r trucks The othersile in IhEgioup. Sile 116. 
was on US-B7 near Fort Benton It carried substantial truch traflc (over 75comtiinalion trucks 
per day} 

A revBwof Figures 11-21 and 11-22 suggests that Site 109 was over-calrbrated reBlive ro SHe 
115 Sile 109 had a tirge percentage of heavy landem ayla weights for Ix^th Clas^ Sand Cbss 
5 trucks relative to what was measured at Site 115 These axles were heavy in com[HrEon to 
jTiCGt other landem aKies measured al other srtes in the Montana dala seL Finally, ihe baded 
peakforCtiss9lnjcks waslccaled in bad category 17. which corresponds to ^6 000 to 08.000 
^unds. a value that exceeds the ^gal limits However, given the small numterol trucks 
included in ihe Site ICQ dala sel and without on-site calibralon. rt ts uncertain whether Uie site 
had an overkjad orscala calibration prob^m Site-specifc calibratiDn checks are needed to 
answer Ihs question 

The mitral assumpton lor the devebpmeni of traffc bad inputs for using Ihe MEPDG in 
Montana E that Site 1 09 ^somewhat over-calibrated. As a result it b suggested that the Lightly 
Leaded TWRG use only the wejghtsfrom Site 1 15 until the calibratjon ol Site ICGcan lie 
conllrmed 
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Figure 11-21 AveiDge Annual Tandem Axte Load Dislrlbullon tor Class 9 TruckSn Llghlly Landed Truck 

Wetght Road Group 
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Fgure 11-22 Average Annual Tandem Axle Load Distribution forCbesG Trucks^ LIghlly Loaded Truck 

Wejght Road Group 
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III-4.6 FLAT DISTRIBUTION -EVEN LOAD 

Tha ^llandem zx^ w9»ghldt&lribulDn pan9ni obeeivGd ■iva5ap|:Qr9nlal Sil9 1 13. The WIM 
5il9 had a IsndQm a>:l9 tad delribulK>n curv9 lor Cbss 9 trucks thai was 9^9nlQll/llal 
tetv-eanaxlG tad category 5 (1 3.CXX) lo 1 4.CXX) Its} and calegory 16 (34.CXX) lo26.CO0lts} 
(seG F»gur9 II-2S) This was the onlysrl^ with such an qvgii dslribulNDn Th9 9V9n dtslnbulnn 
was a stgn IhalGilhGr many trucks al ihB 5il9 carred pan^l h:ads orlhg scal9 had sc|nifK:anl 
calibialkin drUcultes. 

A rgv^wollhe graph Ihald^ptzilslh^ 12 monlhly bnd9m axla kiad dElnbulons (see Fgur^ II- 
24) and Ih9 graph lor monlhly av9rag9 dislnbulon ol Ironi axl9 ^9^(115 I<h Class 9lrucks (s&& 
F^ur9 11-25) iiHlcal9s Ihal Ihs site probably had signilEanlcalibrahon dillcull»9s The 
dtslnbulion olaxl9 W9^hls changed Irom on9 9xhlbillng V9ry l^hl a>:las lor April Ih rough July 
2COD. loone wuh very h9avyax^s In Nov9mtBr 2C00lhrough January 2001 Nole Ihal Ih9 
'iV9ghldalasupplted by MDT ran Irom May 2CC0lhrough July 2001. solh9 axfe load 
dtslnbulions shown In Ihes9 lgur^9slor May. Jun9. and July includ9 dalalrom twodrHerenlllme 
percds Thts may dtsgutse some ollh9 pcssibt drrll In WIM scal9calibralK>n Wh9n combined 
1hes9 V9rv drll9renl patterns yeld an evenly dtslribul9d [:atl9rn unlike whal e likfly being 
€xp9n9nc9d allhissil9. 

Unl^ 5rl^ 109. whK:h exhibited sc|nsolsgnllK:anlsca^ calibfalnn drrll. Srte US had brge 
Class9lnickvolum9s fappfo>:imal9ly 170 Glass 9 trucks per day) Eoa Bckol Cbss9truck 
volume E unlikely to b9 th9 caus9 olan inability to maintain s:a^ callbraton. According to the 
jnlormalon Included on MDT stalcn recofds however Ihe scale useda pezo-efectrKsensor. 
These sensors are known to pa iKxlcally expert nee calibralon dnh problems asEccaled with 
an inability to control changes in Ihe we c|ht sensor's sensilryity lo temperature lluctualons 

A month- by- month revewol Ihe tandem axle bad dslnbuthDn lorCtissOlnichs indcates Ihal rl 
calibratiDn were hekl constanl. Ihs site m»ght belong in the Heavy Blmcdalax^ dtstnbulon 
TWRG. Hcwever. without consKlerably more inlormatcm on scale calibratjon at this srte <h kxal 
kncwtedge about trucking aclryith&son the road, rt ts inappropraleatthtstime to assign thtssite 
loaspecrlcTWRG 

It s recommended Ihal Montana consder not using this particular Iruck we^ht group lor 
|:ave me nt design until additcmalworkconlirms that the data observed accurately descnbQ 
aclualaxl^ h:ading condrtbns 
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Figure 11-23 Average Annual Tandem Axle Loail DtslribuUDn foj-CtassS Trucks, FlaT Truck MVelghl Road 

Group 
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Figure 11-24 Average Monthly Tandem Axle Load DisU-lbiitiDn lor Class 9 Trucks. Slle 113 
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Figure 11-25 Avemqe Monthly Tandem A]cleLoad Deslrlbution Tor Class 9 Trucks. Slle 113 






CHAPTER III-5: SUMMARY AND CONCLUSIONS - 
TRAFFIC 

111-5-1 SEASONAL FACTORING OF VEHICLE VOLUMES BV 
CLASSIFICATION 

Forihe inilHlcalibiafcn ol Ih9 MEPDG in Monlana_ rl is rQcommgnd^ Ihal MDTdavetipand 
apply39as<>naladjuslm9nl laclorsl<H Ihrge calggonGsol Irucks single unrls. c<>mbinalons and 
multi-trail9rlrucks Wh^n lh9S9 Iacl<>f5 ar9 appl^d lor rKiv9m9nld95gn MDTshouU use either 
slalewde average factors <h factors lor site -specif c permanent data c<>ll9ctK>n sites Ihatare 
located on nixids I<h which a pavementdesgn ^ b^lng dGveloped To use asrte-sp^cilc 
s^aEcnal factor, a major Iruck trip generator (G.g . a ma>or urban area, a large industral facility 
such as a mine, or the intersectcm of the route in questcm with an<>iherinarDr roadway) should 
^ot be hxated between the continuous data c<>lla{:tK>n site from whK:h th^ seasonal lact<>fs have 
been developed and the roadway sectcrn lorwhbh the pavement b being designed 

Forallothersles. the slatewKle average should be used for now Whila a min<H improvement in 
the accuiacy<>| tmck volume eslimates might ba gained by using mulhpla seasonal laclor 
groups instead olasingla statewKle avenge the complexity thai such an approich brings to 
Ihe trafltc lead estimalon picceES doas not appear lo he wananled atthstime 

It ts rec<>mmended. hoivever. thai Montana continue to analyze llsgiowing archrye <X truck 
volume data to determine whether a mor^ appropr^te factoring group process can b& 
devebped. In additK>n to the malhematk:al analysE<>| rts data, the MDT should consult expert 
who undeisland the economic aclryity palternsol Ihe Stale and can help provde explanathonsof 
what tscccurnng in Ihe observed patterns. The will help determine rf use of regK>nal<H 
functcinalslralifK:atK>nsol Montana s reads would allow a more accuiale applcalion of truck 
volume seasonal lactois {the assccBth^n of specilc r^ixid sectK>nsto Ihcee groups), thus 
imprciving the accuracy ol truck ksding eslimales used in pavement des^n 



111-5-2 TRUCK WEIGHT ROAD GROUPS - TWRG^S 

The review of truck ax^ k>ad dtstnbulions showed that the basic shape ol Ihe axt kxid 
dtstnbulions dees not appear lo change dramatcallydunng the year at any given srte. hHowever. 
indr/Klual sites do have dilferenlaxle tad dBtributK>n patterns In additKDn. the data analyzed 
jorthts report indtaled that many Monbna WIM sites experience seasonal calibratcm changes 
Ihatcan alfectthe accuracy ol the k>ad eslimales used for pavement desc|n. 

The differences observed in the shape of a>:la kiad dElnbutcms lead to the recommendation 
thai Monlana DOT maintain fourdlferentTWRGs TWRGs are groups of reads forwhch a 
common axla kiad dEtributKDn ^ maintained The lour recommended groups are named after 
Ihe shape ol Ihe tandem axle tad detributhon for C^s 9 trucks The recommended read 
condrtion groups are listed bebwand Tab^ 11-11 identiles the WIM sites assn^ciated wilh each 
of these groups 
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Primarily Leaded - Sgnrfcanl Lead [including all Inteislates) 

Bimcdal Leaded - H9avy Lead {greater numb^rol h9avyw9C|hllhan lc|htwe^hl Iruchs) 

Bimcdal Leaded - Ev^n Lead (ev9n dtslnbuliDn telweGn tad^d and unh:aded Inichs). 

Lflhily Leaded - Emply (primarily em ply trucks) 

F^l Dtslnbulcm - Ev^n Lead (questionable data -do noT use for pavemeni design). 



l^blel-11 AsslgnmenlDfWIM Sites to Truck Weigh! Road Groups 



Truck Weight Road Groups 


WIM SitQB BBloi^gmg To That Group 


Prl manly Loadsd — Si^Hcant Load 


1D3. 104. IQH, 112. 119. 202. 203. 301 


Binocfal Losdad— F^rnanJy Haavy Dis tritxj ten 


1E55. 107. 110, 111 . 114 


Binof^l LoBdad— Pti manly Even Di&tibudon 


tDl. 102. 105, 11G. IIS 


Ughly Loadsd— Primsrily Empty 


T[». 115 


FIeI Dtstibu don - Even Lofld 
Ido not use kv pav^nent cieEi^ 


tIJ 



MDTshouH compute average monthly a:<te load distribulons for each claEsrlcatcn of trucks at 
each WIMsile. TWRG averages can Ihen ba compuled by averaging the ax^ load dtstnbulons 
for all of the siles contained in a given TWRG The analytcal process can te performed by 
using the software developed in NCHRP Project ]-29 (CambrtdgG 2005} 

There appaars lo he consKlerabla dnft in Ihe wec|hls reverted in the 2O0O-2GOI dala for a 
number of Ihe Montana WIM sc^ts. Th^can result in substanl^lshrlls in esUmaled pavement 
damage computed foragr/en number of trucks. It b unc^ar whether these rernrted weights 
are c<Hrecl or Ihe data provKled to the consultant team had scale calibratiDn problems. In 
several cases, there were strong indcatcmsthalsca^ calibratcm wasdrrfting 

If MDT has not already developed an ongoing calibratK>n process Ihatconllrms Ihe accuracy 
and rel^bililyolaxla wec|hl data collecled by is WIM scales, such a program shouU be 
deveb[@d and implemented Al a minimum, seasonal calibratK>n checks of several WIM 
sbtcmsshouU be perlormed todelermlne whelher Ihe oteer/ed changes In load spectrum are 
caused by changes in Ihe performance of the scale or in lactconsklerably heavier loads aie 
being carred by trucks at some times of Ihe year (usually winter) 

FInalV- UOTwill need lo perform additcnalworktoassgn Indii^Klual readviay segments from 
around the State lolhe four recommended TWRGs. ThBass^nmentshoub ba based on the 
restive percentage ol Ckiss9lnicksthatare operated fully, or nearly fully baded II no 
knowbdge of the truck kxiding dslribution b avallab^. and the read in questcm ^ not an 
InterEbte hc|hway. it b recommended thai MDTass^n the road to the BimodahHeavy 
dEtnbufcn The reason forthE recommendatcn Ethat meet non-lnlerstate reads carry a 
reaEonable number of unk>aded or Ightly leaded Irucks and the Bimedal-Heavyaxla kiad 
dtstnbulDn sthe meslconser\>ative k>ad dtstribulnn f<H pave men I design purpcses 
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PART IV: DATABASE FOR CALIBRATION OF 
lUIECHANISTIC-EMPIRICAL PAVEMENT DISTRESS 

PREDICTION MODELS 



CHAPTER lV-1: INTRODUCTION 

lV-1-1 BACKGROUND 

Mcdgl calibialbn rgquiras Iha assembly and analyss ol Iarg9 quanlilh&soldala lor many lost 
seclons A'lVgll-d^stgngd and 9asy-lo-uss rglatonal database can greatly eas9 the 
manage mgnt and access est thrs informatK>n Consequently, thedesgn of an appropnbte 
database structure and Ihe r»pubtK>n of that database s an impcnant produci lor calibrating 
IflE based delress predElion mode^ 

The Monlana ME dalatase wasstruclured to focus on the callbratjon and confirmation of ME 
distress predH:tcin models ThQ dalatQse wasdevebped to permit future dala entres and tha 
collective storage of test results {e g.. perlormance oteervalons. matertal tests and properth^. 
layer structure, tralfc tads) from exEtIng and luture pro>aclsand dstr^ES surveys. The 
database albv^ for future calibfalion updates loenhance and refine MDT tcalcallbratcm 
factors for use in pavemeni des^n and management 

JV-1.2 DATABASE OBJECTIVE 

Staled simply, the purpose cri Ihe MDT ME database s to provKle an oiganized data storehouse 
for use in improving MEdElmss prediction m<xleg Improvement tsdellned as eliminating any 
btasand reducing the residual errois between the delressobeervalons and predK^ions. The 
loliowing Itsts the capabilil^s consdered mandatory loach^ve the above objeclrye ol the 



The MDT ME dalabase musi support callbratcmelfons for tcth present and future ME 
based distress predH:tK>n models for those distresses consKlered In managing Iheir 
highway network ThB database must be as praclii^las pcesibte to bcilible rts use and 
imp^mentatcm. 

Tlie MDT ME database must have the capability to store and maintain the data needed 
for future local calibration updales In oiher words the database must be adaptab^ to 
future projects built in Montana and alloiv the colleclr/e storage ol tesi results (e.g . 
performance obeervatcms. mater^l tests and pro[»rties. layer structure, tralfc ksds) 
from these future projects In the way. MDT can draw upijn results Irom luture forensi:; 
in vesications, and use the performance ol pavements built within the past frve years 
and those that will be built In the near luture to enhance and reline m<x]elcalibrat»n 
factors 
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CHAPTER IV-2: OVERVJEW OF DATABASE 

As noled abova. rhe purpcsG ollhQ MDT MEdati&ise Eloslore approprEteltexIble and 
comcceilQ pivemanldala Irom lasl sfii:lK>ns l<Hlha conlinuQd i m prove m^nlol ME dElress 
pr9dclK>n mcdels used Id design pavemenls and manage the MDT h^hway nelwort; The 
fTiinimum dalab^ise elements were Ihe inputs needed lor the MEPDG predctKDn models. 
devebpad under NCHRP Project 1-G7A f^Rd 2OT4j.&Jand re-callbrated under HCHRP Propct 
1-40D (f^CHRP 2006} ThE database, however must te Ifexibla enough to encompass other 
performance-based design procedures and s[»crfK:atHDns. Thg ME-liased dstre^ predK:tcin 
fncdet Ihatthe dalatQse will suppon are summanzed and referred to in Part II of the re[»rt. 
SelQclbn ol D^lress Piedblion Mode^. 

The MDT ME database e based on Microsoft Access 3000 similar to the standard date 
defeases lorlhe FHW A- LTPP databases Mcrosoft Access k a powerful and versatile tcortoT" 
devebping and populating Ihe calibralion dalabas II b widely a^^ilabla as paftol ihe MicroscEt 
once suite of programs It provbes an easy-to-use Interface for . among other things, querying 
data and generating repcnsthal can be augmenled bycuslom-des^ned dala entry 're pcrting 
forms and by powerlul macros (written using VEual Base for App K:alKD"5j Ths ME dalatase 
shouU be perceived as a lr>ylng souroe ol data to be used in the luture. similar lo the LTPP 
database. DalaPai^ 3.0. 



IV-2.1 DATABASE DESIGN 

The desgn ol ihe ME database e based on tab^s lor general projecl Information, traffc data, 
climale inf<Hmalon. pavement struclur^ {l^y^r) data, mater^l property dala. deflactcm data, and 
pavement performance dala. The inital impfemenCitcin Includes only thniEe malertal properties 
required f<H Ihe MEPDG and oiher similar m^xle^ However, the desgn lor Ihe materal 
property tab^s permils incorporatcm ol other material properties that mght be needed In the 
future Fle>:ibllity Ea hey feature destined inlothe MDT ME database to permil the addltKDn of 
Juture distress observalions measured on existing projects and projects that will be built in Ihe 
near future ThQ additional perf<Hmance dala can be used to check and updale the calibraLon 
factors or coehcentswilh lime 

The sifting point for devebping the MDT ME datab^ise desc|n was the LTPP DataPave 3.0 
database The LTPPdatab^ Every good lorstonng climale. Irahc. and measured 
performance data It ^ ^ss praclEalforslonng the detailed malertal property data for each layer 
thai are required for ihe MEPDt^and other mcdet II was percerved desirable to retain as much 
of the lamilar LTPP database structure as possible Consequently, the ordinal desc|n of the 
ME database v^s based on similar tables for general propel inf<Hmalion. pavemeni structure 
(^yer) daCi. and malertal property data combined wrth links lothe climate, traffic, and 
performance tables from the LTPP DalaPave 3 databases Many of the delimlons included in 
the LTPP database were adopted for the MDT ME database to ensure consEtencyol data 
elements. 
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Th9 LTPP labl&sare nolslniclured in an opilmal wayloriha purpcees csl perlormance mcd&l 
calibialiDn A reason l<HlhB lmpraclEalslmclur9 b IhallhG LTPPdalabQss must 
accomm<x]al9 much morg complEal9d [:av9m9nlscenance Ihan ngsd^d lorlh9 MDT ME 
database ob^clpy^. whch tscalibfalnn For example. LTPP s9cliDns can change overtime as 
acons«iuencGofconstiucfon. thEEliactedbyth^CONSTnUGTION_riGfek]foreach LTPP 
5£ctK>n Calibratcm (eslsBcfons in the databise. on the other hand, must have a constant 
5ectK>n over Ihe analyse pernl. anyc<>nstruclion-rekiled changes to Ihe [:avement section are 
treated by defining a new sectK>n in Ihe database 

The more complK^aled LTPPdalabase des^n ts not needed f<H Ihe much smal^ rand mora 
sharply In^cused calibfalion database and complK^atesthe storage and relrteval of data lor 
|:erformance model calibration pur[x:Ges The primary goal or desgn was to streamline trie 
organizatK>n of all informatK>n required for the callbratKDn of MEdBlress pfedtclion m<xlels. 
Appendix ll-B shoivs Ihe Ibw chart for the re^tional ME database structure used locallbrate 
aetectad distress piedicton mcdelsforclimatK: condrtK>ns In Montana. [Kivementdesgn 
sbBtegias. and materials. 



1V-2.2 DATABASE ELEMENTS 

The MEPDG software uses a herarchcal approach lor defining the Inputs The hieiarchcal 
apprcoch v^senvtsK>ned and deveb[»d tolacllilate the Implementation process of the method 
The MEPDG suggests that the bestavailabla data (the highest ^velof Inputs) should Ee used 
and dniies not require the use of astscrfc level for all inputs This approach albums agences 
without advanced materals test equipment or with minimal ax^ weight dala to use the program 
with a restively low investment cniGt -a definite advantage. The h^rarch^al approach, 
however. complH:ates the calibration prccess and dellmtely incr^eases the numberol data 
elements needed torellne Ihe ME Eased calibraton lactorsand des^n prccedures 

All inputs required for the MEPDG were Included In the MDT ME database These inputs are 
grou[»d Into six tasE types including general sectK>n inf<Hmaton. ^yered structure lnformatK>n 
Iraffc. climate, material properth&s. [avemeni responses or de lection basins, and measures of 
performance Appendix ll-C provKlesa labukir luting of the dalabase e^ments included wilhin 
each data category. 



JV-2.3 DATABASE STRUCTURE 

The hasc structure and orgamzatH^n of Monona's ME database b concapbially shown In 
Appendces ll-B and ll-C Appendix ll-B includes a Ibw chart for the mOJ ME database and the 
organizatK>n of that data for use in calibratcm studies Appendix ll-C includes a tabular listing ai 
Ihe data elamentsand format included in the database Both appendces provde a quick 
ov^rvh&w ol tl^e avajlab^ Lnlormattan and dala in ME database 
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JV>2.4 DATABASE OPEHATION AND UPGHADES 

App&ndix ll-D ccinlalns a process Ihal MDT can use lo populal9 and upgmd^ the database 
Pari I gryesag^n9ral r9v»9w ollhe populalnn prccgss Pari 2 pres9nls Ih9 sl^pe n^cesEary lo 
appand (upgrad9) Ih9 MDT dalatase wrih Ih9 Ial9sl LTPP r9laase Pari 3 indH^alas howlo 
uplate Ih9 dalabasa wuh dalafrom iK>n-LTPPl9sls9clK>ns 
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CHAPTER IV-3: DATABASE POPULATION 

Tables 11-1 2 and 11-13 Itslihe prD|9clsand l95ls9clK^ns Ihalw9r9 us9d lo iniltally [»publ9 ll» 
MDT ME dalabasG Alolalol 107 l9sl seclcms ar9 curr9nlly includ9d in Ihg MDT MEdalstas? 
Tha IqsI sacljons consEl hdI tolh LTPP and non-LTPP leslseclcms localad In Monlana and In 
Sbts ad^ic^nl lo Monlana. mcGlolwhK:h W9r9 us9d in Ihg calibralon r9lin9m9nl study lorlhB 
profaci Table 11-12 IkIs IhiQ laslsGclJons kxal9d in Montana- 1 hirtegn are non-LTPP propels 
and Ihlrly-nine are included in Ihe LTPP program Tabfe 11-13 lEfe lh& lesl seclcns Ihalare 
Vxaled In adjacent Stales Allol Ihese lestseclons are included in Ihe LTPP picgram 





Table 11-12 


Data from the LTPP and Mon-LTPP TesI Secllons Located In 
hlontana Included In the MDT ME Database 


ID Nunbsr SectianVLTPP ID Number 


ID Number 


Sectnn^LTPP ID Number 


35S 




30-0113 


334 


30-0903 


359 




3(^6114 


335 


30-1001 


3GD 




3D-D113 


336 


30-6004 


361 




3(M}iie 


38 7 


30-7066 


362 




30-OH7 


3BB 


30-7076 


363 




3CM)nS 


339 


30-7076 


364 




3D-D119 


3BD 


30-70BS 


365 




3D-D12G 


3B1 


30-3129 


366 




3D-D12t 


392 


30-A31O 


367 




3D-D12Z 


393 


30-A32O 


363 




3D-D123 


394 


30-A33O 


369 




3D-D124 


395 


30-A35O 


370 




30-D5D2 


44D 


30-Gbvb^ E 


371 




30-05D3 


442 


30-Bilvaf Gjtv W 


372 




30-D5D4 


443 


30-Da«r1odie/Eecklill 


373 




30-05D3 


444 


30-Perma 


374 




30-QSD6 


445 


30-CcnciDn N 


37& 




30-05D7 


446 


30-HEnmDndNW 


376 




30-05DS 


447 


30-Wolf Po(nl S 


377 




30-05Dg 


443 


30- Feet Belknap 


378 




30-9550 


449 


30-Rc4inci£p E 


379 




30-95&1 


45D 


30-Lavina W 


3B9 




30-OQD3 


452 


30-Latlair E 


3B1 




30-QBD6 


453 


30-Baun Road 


3B2 




30-09D1 


454 


30-Vaual¥i N 


3B3 




30-09D2 
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TaWe 11-13 Data Imm the LTPP Tesl Seclions 
hlontana Included In the MDT 



Localed In Stales Adjacenl to 
MEDalabase 



ID 
Nunbsr 


StatB 


SeDlion.'LTPP ID 
Number 


JD 
Number 


StatB 


3ectK>n/LTPPID 
Number 


347 


IdahD 


16-1001 


413 


Wyoming 


56-7772 


343 


Idaho 


16-1005 


412 


Wyoming 


56-7773 


349 


Idaho 


16-1C07 


414 


Wyoming 


56-7775 


35D 


Idaho 


16-1CD9 


416 


Albsrb 


51-O501 


351 


Idaho 


1G-1D1 


417 


Albsrb 


51-0502 


352 


kiaho 


16-1020 


413 


Albsrb 


51-05D3 


3B3 


kiaho 


16-1021 


419 


Albsrb 


51-0504 


354 


Uaho 


16-502£ 


420 


Albsrb 


51-0505 


355 


kiaho 


16-6027 


421 


Albsrb 


51-O506 


355 


klaho 


16-9032 


422 


Albsrb 


51-0507 


357 


Idaho 


16-9034 


423 


Albsrb 


51-O50B 


396 


North Dakota 


5S-20m 


424 


Albsrb 


B1-O509 


397 


Scoth Dakob 


46-05 05 


426 


Albsrb 


51-15D3 


393 


^colh Dakob 


46-05 04 


426 


Albsrb 


51-1504 


399 


^colh Dakob 


46-7049 


427 


Albsrb 


51-1505 


4D0 


Scoth Dakob 


46-9106 


423 


Albsrb 


51-2512 


401 


South Dakob 


46-9187 


429 


Albsrb 


51-3529 


4C2 


South Dakob 


46-m97 


43D 


Albsrb 


31-A901 


4C3 


Wvominn 


56-1 C07 


431 


Albsrb 


31-A902 


4C4 


Wvominn 


56-2015 


432 


Albsrb 


31-A903 


4CS 


WvOffltfTO 


56-2017 


433 


Saakaichewan 


90-1 502 


4D5 


Wvominn 


56-2015 


434 


Ssskaichewan 


50-6400 


407 


Wvominn 


56-2019 


436 


Saskatchewan 


9D-640S 


4G3 


Wvomino 


56-2020 


436 


Saskatchewan 


9&4410 


409 


Wvominn 


56-2037 


437 


S a skat] he wan 


50-6412 


4tD 


Wvominn 


56-6029 


433 


S a skat] he wan 


BD-6420 


4t1 


Wvominn 


56-6031 


439 


Saakaichewan 


9[>«501 


412 


Wyoming 


56-6032 
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APPENDIX ll-A LOAD RANGES USED FOR NCHRP 
PROJECT 1-37A LOAD SPECTRA 



Tabl& ll-A-l shovri^ Ihg upp^r bounds assccial9d wilh Ihg load rangg cstdgor^s us9d locreal9 
1h9 axis fcod dElribulDiK Ihal are inpulsloihe NCHRP ProfMl I-37A pavQmenldQs^n 
prccedures All weights shown In Ihislab^ arg gr/^n In "kJpe" (I.OZOsol [cunds) Forexampfe. 
Lead Range I lor Single Axles conlalns Ihe single axles lhalwec|h ^sslhan S COO pounds 
Lead i=tange ^Olorlandem a:<^sconlalns Ihe ax^s wilh wetghls equal loorgrealerlhan 42.000 
pounds bul tss Ihan 44.GG0 [cunds 
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Table ll-A-1 Load Tianges Used for Load Specira Upper LImllolLcKKl Ranges (kips) by 
Type of Axle Group 
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CHARACTEROaal 


□ escnpi^n oFfve location ol ine l^:^l ^^ectinn 


LANE WIDTH 


Fl 


NUMBER^2.D^ 


Widfi oi he lane tine tsl ::ection DcotvK-s 


SHOULDER_TYPE 




CHARACTER^?! 


indication oF hvhefiof Ite ^HH^er is "paved^ 
~unpaved,~^r "none. 


SHOULDER WIDTH 


F1 


NUMBER^2 D^ 


The 'Aidfi oi fte ^dutddef in keL 


ACCESS_CONTROL 




CHARACTEROl 


V or N indioa^ig hal tine roadftay does or 
doconolhove oonhiled access 


HEDIAK 




CHARACTER<1J 


V or H nfioaftig fial ine nHbdva/ does or 
doeonolhove a me^fcm. 
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Table ^iame: 
Descnption. 



IWO N_DEFLECT10 H_D ATA 

Peak defleclkins oblalned Ircnn deftection testing 



■OH DEFLECirON [>ATA | 


F^ld Ham? 


U Tilts 


F«ld T^pt 


Dtsc rip In ■ 


WT_EECTDN_ID 




CHARACTER 


TtstseciDn tdeniicciiDn number. 


LTPP SECTKm m 




CHAPACT^fl^fll 


LTPP fcEl ADDinn tdHiiicaion. 


TEST DATE 




DATE 


Dale D F de iKion fc^t. 


DnOP_HE»GHT 




NUMBERS .Dh 


An ink^cf codt for ftt hnighthita whidi ftt \Tci^lv;as 
dropped. 


AVG DROP LOAD 


Lbs 


nUMBERja.O 


Tht nvtrann p-t^ <kop load br inn ffvnn drop hninht. 


3TD_DROPJ_OAD 


Lbs 


NUMBERjS.q^ 


Tht stBidivd dn-rtaiDn ol ina peal; <kop load br ina 
givtn fkop h?ighL 


MH DROPJ-DAD 


Lbs 


NUMB^Rja.O 


Tht minimun p«ol; <kop loEid br inn ffvnn <kop hninht. 


MAK DROP LOi^D 


Lb^ 


NUMBER^^ 1^ 


' Tht mni'imum ptak drop IihhI iiif fte fliven drop heifrfil 


AVG PE^K DEFL 1 


Microns 


NUMBER^3 D^ 


1 Tht ^vtrngt pcdT delncinn alsnnsof 1 


STD_PEAK_DEFL_1 


Micrans 


NUMBER^a.D^ 


Tht stDndard dn^iainn ol inn peol; delnciDn al ::tnsof 
1 


MH PEAK DEFL 1 


Microns 


NUMBER^-3 D^ 


Tht minimun peol; delnoinn ol ::nnsor 1 


MA>: PEj^K DEFL 1 


Microns 


NUMBER{3 D^ 


1 Tht mni'imum ptak d^lcc^nn n1 sen^^nr 1. 


AVG PEAK DEFL S 


Microns 


NUMBER^3 D^ 


Tht ^vtrnpt peoT del^oion al ::«nsof 2 


STD_PEAK_DEFL_2 


Microns 


NUMBER^2 \» 


Tht stDndard dn^iainn ol inn peal; delncion al :;?nsof 

'2 


MH PEi^K DEFL_2 


Microns 


NUMBER^-3 D^ 


Tht minimum peol; delnoinn ol :;nnsor 2 


MAK PEAK DEFL_2 
AVG_PE^K_DEFL_a 


Microns 
Microns 


NUMBER{3 \» 


Ihn mni^imum ptak d^hcion n1 sen::or 2. 


NUMBER^^.D^ 


Ihr avtrngn peal: deltoinn al :;?nsof 3 


STD_PEAK_DEFL_a 


Microns 


NUMBERja.Dh 


Tht stmdard dn-rtainn ol inn pe^ deincinn alsnnsof 

3 


UN PEAK DEFL_[3 


Microns 


NUMBERja D^ 


Iht minimum ptal; deinDinn alwinEHK 3 


MA>: PEi^K DEFL ? 
AVG PE^K DEFL 4 


Microns 
Microns 


NUMBERr3 D^ 
NUMBERr3 0} 


Tht mni^imum ptak dnhc ion n1 setKar 3. 


Tht ^vtrnpn ptol: deltcion al ::tnsof 4 


STD_PEAK_DEFL_4 


Microns 


NUMBER^a.Dh 


Tht stDndard dn-rtainn ol inn pe^ deinDinn alsnnsof 

4 


MH PEAK DEFL 4 


Microns 


NUMBERja.Dh 


llin FTilmmum ptol; deinDinn 4lsnnEor4 


MA>: PEAK DEFL 4 


Microns 


NUMBER{3 D^ 


Tht ma-imum ptnk dtTcctni a1 sensor 4. 


AVG PEAK DEFL 3 


Microns 


NUMBER{3 D^ 


Tht ^\trap« pczL^ [rci^cion aN sensor ^ 


STD_PEAK_DEFL_n 


Microns 


NUMBER^-3 \» 


1 The stDndard dn^ainn ol inn peol; delnoinn ol snnsof 


MH PEAK DEFL_D 


Microns 


NUMBERja.D^ 


Ihn minimum peal; delnninn alsnniHK □ 


MA>: PEAK DEFL 3 


Microns 


NUMBER{3 D^ 


Thema-imum pnnk dtTccfn'' a1 sensor 1. 


AVG PEAK DEFL a 


Microns 


NUMBER{3 D^ 


The ^verap^ pc v ac^^cion aN sensor a 


STD_PEAK_DEFL_a 


Microns 


NUMBER^-3 D^ 


■ The standDrd dn^ainn ol inn peal: delnciDn al sensor 
i a 


MH PEAK DEFL fl 


Microns 


NUMBER4-3.D^ 


The minimum peal; delnoinn al sensor 


MAK PEAK.DEFL_0 


Microns 


NUMBERfajl^ 


The mai^imum peak deletion a1 sensor ^. 


AVG.PEAK_DEFL_7 


Microns 


NUMBEA|34lk 


The average peol: deletion ol sensor 7 


STD_PEAK_DEFL_7 


Microns 


NUMBER^a.D^ 


The standivd dn-rtainn ol inn peol; delnninn al^nniHf 

7 


HH PEAK DEFL 7 


Microns 


NUMB^R^a.Dh 


The ninniMV po^ doinninn al^nnsor 7 


HAX_PEAK_DEFL_r 


Microns 


NUMBER^a.D^ 


The maiumum peak dnh-cion a1 sensor 7 


PERCBIT_tlDHMAL 


"h 


CHAR ACT ER(fl] 


The pnrcnntbge aFba^is ncluded n he a/efoge thai 
huve notmEiJ curvaLirn 


PERCENT_TYPE1 


"h 


CHARACTER^a] 


The pnrcnnbge nFbn^i^ncludnd n fte average thai 
are a Tvpn 1 bas^n 


PERCENT_TYPE2 


'" 


CHARACT£fl<flJ 


The pnrcnntbge oFbazsis ncluded n he average thai 
am a Tvpn 2 basin 


PERCENT_TYPE3 


V 


CHAR ACT ER^al 


The pnrcnntage aFba^is ncluded n he average thai 
am a Type 3 bas^n 
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LOAD.CHAR 


CHAHACTtfl^^] 


TTit Fcod rtqHHKa characfeirizaiDn br inc ^van feiEl 




AIR_TEHP ^1 


= NUMeER{3 \» 


Air iHBpcrzihrt inadt RVD cndtKurc ol in? ::tirlol inc 
t:;l sequence at tHltKaion. 




PVMT_SUnF_TEMP ^1 


- NUMBER^^ D^ 







Table htame: 
Description. 



VtO N_DEFLECT10 N_DATA_H AW 

Peak deflections oblalned Ironi deflection testing 



UOH DEFLECTDN DATA RAW | 


FiaU HEsme 


UiiiU 


FiaU TvF« 


Dtsc nplKiB 


MT_SECTDN ID 




CHARACTER 


Tt:^t^tcbon iikniicafcin number. 


LTPP_SECTHDN_ID 




CHARACTEHfa^ 


LT P P bst xc ion iden i Eca ion . 


TEST DATE 




DATE 


Dat= D r dt i=c ionlHl. 


STATEM 




NUMBEEllS.t) 


LccD^on [>f te^t, rcbive to ftt bnginning ol ina tas1 
stDian 


OFFSET 




NUMBEE1{3.t> 


DHi«4 ni 1cs1 hiTTt nfldn adfit af ihaiddcf sfripD 


T^n~ THE 




NUMgEH[4^> 


Time dnfcoion ks^iq vi^^ miialed at his iDcaion 


DRDP_HEBHT 




NUMEEHtl^} 


An into^fif cKHk for ftt heigh L^ota hvhich Itt ^ci^l ^3s 
dnppcd. 


OnOP.TJO 




NUMgEE1l2^> 


A scquanial niMBbnr imficEi^ig ftt nndnrol inn <kop in 
int ^tnns. 


DROP LOAD 


Lbs 


NUMBER{9.1> 


Tht peal: drop load 


PEAK DEFL 1 


Mkrans 


NUMBERfa^) 


Tht pe^ deltcion alsansof 1 


PEAK DEFL_2 


Microns 


NUMBEHTS^} 


Tht peal: deltcion ol sensor Z 


PEAK DEFL_a 


Microns 


NUMBEH[3^h 


Tht peal* deltcion ol sensor 3 


PEAK DEFL 4 


Microns 


NUMBEHrs^Qh 


Tht peai* dcltc Jon ol sensor 4 


PE^K DEFL □ 


Uicrans 


NUMBEHfa^} 


Tht peal* deltcion al censor ^ 


PE^K.DEFL_n 


hficrans 


NUMBEHl3^> 


Tht peal* dtltcion alsen»ir a 


PE^K DEFL 7 


Microns 


NUMBEE1{3^} 


Tht peal* deltninn al sensor 7 


EASH_TYPE 




CHARACTEHlah 


Tht type oi defeoian bani omatire fwileKlsfc bciaed 
on BR^3-1 rtporb 


AIR_TaiP 


T 


NUMBEHla^> 


Air t=nptrahjre insde FWD encltKure ol ine :^tirlol inn 

tslstqutnce a1 lu:: locnion. 


PVMT_SUnF_TEMP 


^F 


NUMBEHfa^} 


Tht pavtment ::uri;Kt l^mperoLire nenstred b;^ fie 
FWD aubm^ic tonptraLire sensor 
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Table ^iame: 



IWO N_DEFL_B AC KC ALC_PT 

Resuha IrcMn backcalculalkin of FWD data at each location 



■OH DEFL BACKCALC 


PT 






F^ld Harn^ 


Uni1& 


Freld T^pt 


Dt^c ripl»B 


WT_EECTDN_ID 




CHARACTER 


Tt:^t2tckiLn iikniicafcin numbcf. 


LTPP SECTION D 




CHAR ACT ERjfll 


LTPP tst ?tc ion Ldeftilcaiort. 


TEST DATE 




DATE 


Bflta af dtlDcfon fc«1. 


STATCN 




NUMBERED. 


LfKioton [>f ta^t, rcbivt to ftt bnginning ol inn taEl 
stcian 


OFFSET 




NUMBEfijD.H 


DPfatI ni 1cs1 him risdc cdfit ai ^HtMcf sfript 


TEST TiJE 




r^UMaER44.D| 


Trma dtlecion les^ig vi^is ni^lcd at +ik kKaion. 


LAYET?_NO 




HUkCER^l.D^ 


Uniqu? sequ^nioJ numbcf ziscign^d b povcmcnl 
^subgrad^j 


LAYEfl.TYPE 




CHAR ACT ER42J 


kndic^iDn oF inc l>p« nf mafcrial tnad n ftt lajpff. 


LAVEH THEK 


hcliDs 


KUhiOEfl^D^^ 


Tht inicknns^fil int biv^r 


THICK .ASSUMED 




CHARACTER<1J 


y or N indic3^ig wbcinnr or nal ftt fifckiK-sc \ni« 


B^CKC^LC MODULUS 
ERROR.RMSE 




NUMBER^a.D^ 
NUMBER^4.1| 


Tht b^LckcziJcti al^d nodulus hr fial loczi ion. 


Tht perccnl ?rrDr r«SLil ing #oni in? backczilctdainn 


MODULUS. ASSUMED 




CMABAOTEflOl 


y [>r N indic3^ig wbclnnr or ^a^ fit m<HUif£W3s 
an 3:^umcd vaJut. 


B ACKC.EU_c_PROa RAM 




chahacter^idi 


Tht nam? and /ctsiDn ol in? pragrDiB u:;td fc 
pcrbnn fit bachc oliula kin. 



Table Name: MON_DEFL_BACKCALC_SECT 

Descriplion. Section slallslics of the resuhs from backcalculallon of FWD data 



UOH DEFL BACKCALC SECT I 


fKid Ham? 


4Jn Its pKld Typ? Dt^c rip In ■ 1 


MT EECTDN ID 


CHARACTER 


Ttst2?ciDn ideniEcaion number. 


LTPP_SECTHDN_ID 


CHAR ACT EJ^^flJ 


LTPP tsl ^tcinn ideni ic3 ion. 


TEST DATE 


■ DATE 


Date D F dclKion to^t. 


LAy£fl_WO 


NUMBERS .D^ 


Unique ::cqu?nEGl number as:;ign?d fc pav?mcnl 
laytrs.s tiring hvifi layer 1 o:: in? dc-cpe:: L layer 
^subpradnj 


LAYEfi TYPE 


CHAR^CTER<2] 


bidiuiian ol in? hpe nFmafcnaJ tKod n fie layer. 


LAYEfl_TH»CK 


hdiDs NUMBER{3 1^ 


The iaiifcn??:: ol in? layer 


A VG^ ACK_MO D U L US 


p:a NUMBER^a D^ ■ Tht avtrag? bzkchcaktdal^d modulus kw lit tt::^ 

stoinn 


STD_BACK_MODULUS 


p:;^ NUMBER^a.D^ 


The ^l^mdDrd dejiaiiiin ol in? moduli br inat layer for 
in? k:^l^?oion 


M A >: _B AC K .MODULUS 


ps NUMBER^a D^ 


The mai^imum aF lie modid br iiallay?r br in? hsi 

secian 


Mn_gACK_MODULUS 


ps NUMBERjfl.Dl 


The minimtm ol in? naduli br inat layer for fie to-»t 
seaian 


MA>L_EElROi1_JlMSE 


Ti NUMBEE114.1J 


The nmnruum peraeni error rnstding fram fie 
bflH^Lcdcxdaian procnE^ br inntto-stdato. 
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Table Wame: M0N_DI5TRE5S 

Description. Table provHlIng cracking and mHIng data for the sectkni. This is the data 

used in the calibration. 



HON DETHESa | 


FkU Hama 

MT SECTDN ID 


Unita 


Fiald Tvpr 


OnHEMiplEIH 


CHARACTER 


TDEtstcinn idcni iczi ion number. 


LTPP SECTION ID 




CHAR^CTER^al 


LTPP b:^l ::tc4on ideni ica ion. 


SURVEY DATE 




DATE 


Da^ ol di:::i«s:: ^urv^v 


PERCENT_FATEUE 


■* 


NiJMBER^2.1^ 


Percentage DTvitieel pufi ur^u ^u\ hu^ 
eKpenenced biflun 


CRACK.OREtJ 




CHARACTER^^] 


kidicaion ol 4ne oti^niDn ol ine crzicliing, if ., 
bp-doviTi or boltofB-up 


THERMAL CRACK 


FVrni 


MJMBER^4.1^ 


TobJ lennh ol henazil crarJ;inn per lane-mle. 


AVG W R=_ N^ hU" depth 


in 


NUMeER{3 [1^ 


Averape ^..'ded+i ^r 4ne 3CD-4I Ic :: 1 ::» c ion. 


STE>_ W IR EL id E_n U T_ D EPT H 


in 


NUMBER^J.^^ 


Stsndzird EK^izitan ol rul deph nieo::urenienfc 
tshen on 4ne l^sl ::edDn 


STUn E>En_TlllE_ W E AH 


in 


NUMBER^^^^ 


Por kon c 1 ml depin due to weoing d F fte strbne 

1 tom [^Lidded ires. 



Table bbme: MON DISTRESS RAW 



Descriplion. Table providing resullsfrom LTPP-type distress survey 


UOH DETRESS RAH 




FKid H[3me 


Units 


FiaU Tvpr 


Deacrirtnn 


MT SECTDN ID 




CHARACTER 


Teat :«c^nn identicmon ■■ j-^ber 


LTPP 3ECTHDN ID 




CHARACTER^al 


LTPP te^lsscin"- identicnon 


SURVEY DATE 




DATE 


D^te {] 1 di::tE :i:^ :^.. ^ 'e r 


GATOCl_CClACK_A_L 


"ff 


HUMBERTS. 1^ 


Are3 olalgabr itiigueh crzkching oi low 
^oled [>r ^eaJed, nn p^MBpinp evidnntf. 


GATOR _CHACK_A_M 


1? 


ti UMBERED. 1^ 


Area olalgabr (ksigueh ^:K+;ing ni moderafei 
seventy intrcomecled crzKhs possUy dighly 
ifialed^na;^ be sealed, pumprig moy be 
cvHfenlJ 


GATOR _CRACK_A_H 


n" 

1 


NDMBER^S.I^ 


Area ol aS^lir Jk^^ieh uroc^ing ni high 
seventy fnDdnmkly or severel;^ qxiBed 
inlefconnectd cracks, na;^ be seoJed, 
pumpng mav be edidenlj 


BLK_CRACK_ftJ. 


1? — 
1 


NUMBER^^.1^ 


^rea ollo^ sederil/ block cracking icra^s af 
unhiHhvn 'Aidfi well sealed ar 'Aifi mean wdin 
oi & mm or lessh 


HLK_CRACK_ft_M 


"fp 

1 


NUMBEl^jajh 


Area olmaderat seventy bloch crockng 
fmeon crack VHidin knm □ b 1^ mn or under 13 
mm hvifi adjacenllohv sevetil/ random 
cr^Lci;ngh- 


H_K_CRACK_A_H 


1? 

1 


HUMBEAjS.jh 


Area olhi^ seventy block crackng (me^ 
crzLch viidin peobr 4nan 1? mm or under 1? 
mm hvifi mcdet^fc b hi^ seventy r^uHkn 
cnH^LMn)- 


£DGE_CflAC«J__L 


n 


NiJMBEn^4.1h 


1-engfi aflaw seventy odgofx^kkig (croaks 
VHriiDui break up or 1d^ oFraK^ttii^. 


EDGE_CnAC«_L_M 


A 


HUMBER|4.1h 


Lengh oFmoderalr cevenl;^ edge craving 
fcr^Lch:: hvifi some bfeol: ^^^ and loss oFmakrinJ 
i^r up to ID percenlcl 4ne alhclcd lenghh. 


EDGE_CfiACJtJ__H 


it 


NUHBER^4.1^ 


Lengh oFhigh ^^edTiil/ edge cracking 

f considerable break ^^^ and loss oFmabnal br 

mare hon ID percent a Ffte aFkcfeid letminl 
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l_ONG_Cfl ACK _ W P_L_L 


fE 


NUMa^R44.n 


Ltngfi dF1d\t stvtnty, Inngi^iifnal crockng in 
VHhecl pah (croch^ oltMiknavin widin v/tll 
scaled nr wi+i m«on widin olO mn or \as%) 


LC«G_Cn ACK_W P_L _M 


ft 

1 


NUMB^A44.1h 


Ltngh DFrnodcfoIr :;cvcffily. kn^Lidinal 
cr^Lchng in hvhtti pain ini?an crack hvidfi tota 
& b 1^ mm Of undtr 1? mm hvifi adjaccnlloHi 
:;evtritv rondofB cracking^ 


LONG_C R AC K _ W P_L _H 


it 

1 


NUMeER^4 1^ 


Ltngh aFhigh ^? /«nly. lon^LidinoJ cracking n 
wheel pah (mcDfi cfoch viid4n gr^al^r 4nan 1? 
mm or undtr 1^ mm hvifi adjac«nlnodtrat b 
hinh ce/cril^ random crochngF 


LOWG_Cfi AC« _ W P_SE AL_L_L 


it 

1 


NUMBER44.1^ 


Ltngh ol lo^ ^^vtrify, ^ell sc^cd longihiifaHd 
cr^Lchng in ^httl pa4n icracks ol unkjH>hvn 
widin or wiin mean hvidfi oFO mm ar Ic-ssh- 


LONG_C fl AC K _ W P_SE AL_L_M 


1 


NiJMBER^4.1h 


Ltng+1 aFmodcf^fc ^cvcnl^^ wtll staltd 
longi^iiinDJ crzKhng in hvFieel pain inean craiJ; 
widin From fc 1? mn or undtr 1? mn hvifi 
adjacenllohv se/ctil/ random crochngh- 


LONG_C RACK _ W P_SEAL_L_H 


h 


l44JMB£fi44.j^ 


Ltngh afhiighi ::tv«ffil/ ^tll :;taled lon^Lidinal 
cr^Lchng in hvFittl pain icrack mtan hvidfi 
grtalEf fion 1? nm or tMHlcf 19 nm ^lin 
adjac«nlnodtrak b FiigFi ::t/«ffil/ random 
cr^Lchngh- 


LONG_C PI AC K _N W P_L J_ 


h 

1 


NUHBER^4.1^ 


Ltngh a Flaw stvtnty, non-wFieel pah 
ksi[^hHfaHiJ crockng (cf ock:^ ol tMiknavoi viidin 
wal nt^ad ar hvifi m«on wdin olO mn or 
It^h 


LONG_Cfl AC K _N W P_L_M 


h 

1 


NUMBER^4.1^ 


Ltngfi aFmodcfofc ^evcnl^^ mn-^iitrl pain 

longi^idnDJ crzKhng (mton ci^ick viidin knm □ 
tj 1? mm or under 1? mm viiin zu^acentlaw 
scvtnty rondofB cracking) 


LOHG_C HACK _TJ W P_L_H 


fE 

1 


NUMB^l?^4.1h 


Ltngfi afJnigFi ^evcnly^ non-v/Ficel pain 

^[HigibifiHiJ crochng (mton ci^ick vrdin p«4feir 
fion 1B nm ar tMHlcf IB nm viiin odpocent 
modcf^l^ b hflh :»vtrirv rDfHfcin crackinni 


LOUG_C RACK J41N P_S EAL_L_ 

L 


it 

1 


NUMBEJ?^4.Jh 


L»ngln oflow :»vtrity, well se^ed non-wtT««l 
pafi longihiifaiDl crochng ^croch:: olunknavin 
widin or wiin mean hvidfi oFO mm ar lt:^h- 


LONG_C R AC K _N W P_3 E AL_L_ 
M 


it 

1 


NUHeER^4 1^ 


Ltngh aFmodcfofc :;e verily, w til staltd non- 
wFieel pah longihiifaul crockng (mton crock 
widin tom b 1? mn or under 1? mn hvifi 
adiacenllD^ ^t/«ril^ random crochnqh- 


LONG_C fi ACK _N W P_S EAL_L_ 


it 


NUHBER<4.1^ 


Ltngh oFFiighi ::eriTril/. ^tll :;taled non-hvFitel 
pafi longihiifaiDl crochng (mean cf^ich viidin 
grtabf fion 1B nm or tMHlcf 19 nm viiin 
adjac«nlnodtrah b FiigFi ::e/«ril/ random 
crzLchnqh- 


R EFL_C R ACK_Tfi AN S_NO_L 


1 


NUMBER^^.D^ 


Number olhhv ^tvenl/ fran:^vtrs« rekcion 
cr^Lch:: icrack? aFunhnohvn hvidfi vi^ll scaled ar 
wiin mtan hvidh af^ nm ar lessh- 


R En__C RACK _T RAN S_NO_M 


1 


NUMBERjS.Dh 


Number olmadnmb stvnnty, feanvcisa 
rtlecion o^iciio {m ean crack 'Aldti olO b IB 
mm or undtr 1^ mm hvifi adjac«nllohv se verily 
jondam isiui^LMigh- 


fl EH__C R ACK_TR ANS_NO_H 




NUMBEJ?4[3 4»h 


t^uTTtbnr olhi'^ seventy, ^^Bisvcrst reltaian 
cr^Lch:: imean crack hvidfi grtat=r hon IB nm 
ar uiHl=r IB nm viiin otfocen t jnodcfofc b hi^ 
sevtnty rondota cracking) 
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fl En__C RACK _TR A WS_L_L 


ft 


NUMB^n^D.I^ 


Ltng+1 dFId\t stvtnty, ^on^vcfsc rtlccinn 
creeling EatjDintt^crBEhs nf unhnohvn widfi \tcJ 
scaled Dr v/i+i m«on widin olO mn or \as%) 


T? EFL.C RACK _TR AMS_L_M 


1 


HUMBER^D.Ih 


rtlccion ci^Lchnig ziLjDint intan crzicl; hvidh 
dI & b 1? mn or under 1? mn hvifi adjaocnl 
Idw sevtnlv rancfcin crzichingj 


R EFL_C RACK _T RAN S_L_ H 


ft 

1 


NUMBER^^ 1^ 


Ltngh of high ::?HTril/ frzinsvers^ rekcion 
crzLchng ziLjiLint inean crzicl: 'Aidfi grezikf 
fian 19 nm or tMHlcf 1? nm viiin od|accnt 
madc^^^ b S-HE)^ ^^Euerifv rDiMfcin crzickinnJ 


REFL CRACK TRANS SEAL 
L_L 


it 

1 


NUMBEAja.l^ 


meon widin ol1( mm or les^J 


R EFL_C R ACK_T RAN S_S E AL_ 


ft 

1 


NUMBERja.l^ 


Ltng+1 dFwcI staled^ nndarato Etvnnty 
t^in^vcffst cracking intan crack hvidh tota 4 
tj 1? mm or undcf 1? mm ^i4n zuSacentlnw 
[^evtrify TDfidofB cracking^ 


R EFL_C R ACK_T RAN S_S E AL_ 


ft 


NUMBEfifa.^^ 


Ltngh o F vi^l s^oled. hi^ scvtrMy ^ansverst 
crzLchng (me on crock viidin pe^kr inan 1? mn 
ar under 19 nm win o4acan t modcfafei b hi^ 
scvtntv rondota crEschinnJ 


T? EFL.C RACK _LQHG_L J_ 


n 


NUISER44.lh 


L tng h d F law :;«vtri ty , Inngi htdnol re kc ion 
crzLchng aLjaint ^cracks aFunhnohvn hvidfi wcB 
:;e3l=d or ^ifi mean wklin olOnn or Inas] 


Jl EEL_C R ACK_LQHG_L_M 


ft 


NUMBEP:^4.1^ 


Ltngh DFmcdefal^ sevctily^ hn^bdinDl 
rtlccion ci^Lchnig aLjaint intan crack hvidh 
i~cm 1( Id 19 nm or tMHlcf 19 mm viiin od|acant 
low scvtnlv raiHfcin crackinnJ 


R EFL.C R ACK_LQHG_L_H 


ft 

1 


»UMB£R44.0 


Ltngh oFhigh ::e /«nl/. lon^bdinaJ r^leclan 
cr^Lchng a 1 joint inean crack 'Aidfi greabf 
fi;in 19 nm ar tMHlcf 19 nm viiin odpacent 
mcder^l^ b hfrfi seven tv rDiMfcin crackinaJ 


R EFL_C RACK _L<>HG_S E AL_L 

_L 


ft 

1 


NUHBER^4 1^ 


The Itngh aFvi^l scDled-lohv cevenly 

longi^idnDJ rekcion crockng atjainb{crarJ;E 
oi unhnohvn hvidfi ar ^ifi m«on viidin olO mn 


R En__C R ACK_LDHG_S EAL J_ 


ft 

1 


HUMB£R44J^ 


Thc Itngti aFvnl stoled. nadtrato seventy 
longi^idnDJ rekcion crockng a L joint inean 
crock Viidin knm □ b 13 mn or under 1? mn 
VHrIn iuJj4c«ntlaw sevtnty rondam cradcingj 


R EFL_C RACK _LOHG_S EAL_L 


A 

1 


NUMB£fl44.1h 


Tha ltng+1 a F \nl wt^ad, M^ Etven fy 
langibitTuf rekckn cnckng at jam t inean 
croch Viidin ^eal^r inan 1? mm or under 1? 
mm hvifi adjac«nlnoderat Id high ::e verily 
random ciochngh- 


TR AtJS.C fl ACl^ _NO_L 




N UHB£fi434>^ 


Number olhhv stvenl/ ^3nsver::e cracks 
f crock:: ol unknown widin a til staled or viiin 
meon widin clfl mm or ItssJ 


TR«JS_CflACX_NO_M 


1 


HUlffiERfllJ*^ 


Number olmoderatt seventy fransverse cracks 
fmeDfi crack widin from b 19 mn or undnr 1? 
mm hvifi adjacenllohv se verily randam 
crochngh- 


TR ANS_Cfl ACK _TdO_H 




»UMBER^2.D^ 


Number olhgh seventy fransverse cracks 
fmeDfi crack widin peal^r inan 1? mn or undnr 
19 nm viiin oi^ocen t modefob b hi^ seventy 
landam ciockkigh- 
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TnAMS_CT^ACK_LJ_ 


fE 


muMB^njs.i^ 


Icnuzk^ c 1 iEil;n[>\vn VHidin wtU scaJnd or wih 
ma^Bi VHN^h olO mm or Ins^l 


TnAHS_CT^ACKJ__M 


n 

1 


Hi;MB£R4D.1h 


Ltngh nFmodcfoIr :;cvcffily hin^vcfct 

cr^Lchnig (cr^ich mean viid4n kom a b 1? mra or 
undtr 1? mn ^ifi zidjziccnl lohv stvenly 
randnm cr^ichngh 


TnANS_CRACK_L_H 


it 

1 


NUHBER^a 1^ 


Ltngh d Thigh ^tdTiil/ ^3n::/«f^? cracl:ing 
fmcDfi crock widin ptotr inon 1? mn or undnr 
1B nm viiin oi^octn t modcfot b hi^ seventy 
randDm ci^ichngh- 


TR ANS_C fi ACK _S E AL J__L 


it 

1 


DiUMBEAja.l^ 


The Itngh dFvi^I :;«3l«l.lDhv ccvctily 

t^in::v«ffst cracking icracks DFunkjH>hvn 'Aidfi 
ar wifi m«3n viidin ol1( mn or Ics::) 


TR ANS_C R AC K _S E AL_L_M 


it 

1 


NUMBERja.l^ 


The ltng+1 nf wal stoled^ nndtrato stvnnty 
t^in::v«ffst cracking intan crack hvidh tota 4 
t] 1? mm or undcf 1? mm ^lin zuSoctntlDW 
sevtnty TDfidofB crackingj 


TR ANS_Cfi AC K _S E AL J__ H 


it 


ri4JMB£fi4a.d^ 


The Itngh dF^cI ^^dIhI hi^ seventy 
t^in:^v«fst cracking intan crack hvidh greakf 
fian 1B nm ar tMHlcf IB nm viih ^idiacnnt 
mcderafei b hfrfi sevnntv r^aiikin cnuAinnJ 


PATCH_MO_L 




NUISEH^S.Dh 


Number g 1 p^thc-!;i^ath dektiofoians wiin 
Idw :;evtri1y di::^«:» ai an/ typt 


PATCH_NO_M 




HUMBERjS.Dh 


Number a 1 pathc-Si^th detotiofoians wiin 
madet^b sevetil^ disfrt^ Ippc 


PATCH_NO_H 




NUMeER^-3 D^ 


Number g 1 p^bhc-!;itKibh debtiofaions ^lin 
hinh ^e/«ffil^ disfrtss olonv ^hP^ 


PATC H_A_L 


"f 


NUHBER^^ 1^ 


^rta ol patting viiin k>hv ::«HTril/ disfres:^of 
pa1ch [/EtnoraED'' 


PATC H_A_H 


ft' 


NUHBER^^.1^ 


Arta Dipacnng ^ith nod^rab seventy 
disfrt^ Of pabh debriDmion. 


PATCH_A_H 


if 


r^iJMBEfljD.O 


Area olpabhng wiln fm^ seventy <fe^c-SG ar 

pHhfi debnarBion. 


POTHCH_ES_NO_L 




HUMBER^^.Dh 


Number alkhv stvcniy pa Ih4=^ ilc-ss lun SD 
mm <l=eph 


POTHOLES_NO_H 




NUHBER^-3 D^ 


Number almoderab seventy poinales (totB Z^ 
ti 50 mm dttpj 


POTHOLES_NO_H 




NUHBER^2 \» 


Number Glhgh seventy poinalts (more lun DD 
mm <l=eph 


POTHOLES_A_L 


ft' 


NUHBER^a 1^ 


Arta ollohv std^ril/ pcil»le:: il=ss fun SC nm 

dttp5 


POTHOL£S_A_M 


ft" 


r^iJMBEAjS.lh 


Arta olmadtrab sevnnty pohalns (hita £4 b 
^\> nm dttpj 


POTHOLtS_A_H 


1? ■ 


NUMB^n^S 1^ 


Arta olhigh seventy poinales fmore lun CQ 
mm <l=eph 


SHOVffJG NO 




NUt/BER^3 0^ 


Number gI vea:: ^here ::hoHVig e>i^t 


SHOVtJG_A 


1? 


NUMBERrs 1^ 


The area ol ::hD ding, localised iDngibifaul 
di^ocemenlGl lie pavemeni ::urF:Ke 


QLEEDidG 


"4? 


NUHBER^a.1^ 


Presence Glexce::s aqiliDllon he padetaent 
sjrbce. hvhich m^y creab a shin/^^aosAe 
relecive ^urFace 


PDLISH_AGG_A 


1? 


NiJMBERjajh 


Area olpoi::hed agpe^b ilindef \nni awoy 

b expose coarse nggrngab). 


flAVB-idG 


1? 


NUMBERED. 1^ 


Weoniig a\v^y oF lie pavement ^ur F[Ke caused 
by fie di^d^feg aFaggregalE par ides and 
Ids^ <]|^::phah binder 


PUHPrJG_NO 




NUHBER^2 \» 


Number oloccufrcnces aFvi^br bleeffing and 

p"^p"g- 
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PUMPWG_L 


n 


NUMB^n44.n 


Ltngfi nf pavcffBtnt a ffcc tad by ivator binnding 
and punpinq 


OTHER 




CHAR ACT ER^aal 


^ de:;ci^kon olo4n?r ^urbct di::^:^. 



Table teme: MON_PROnLE_ 
Descriplion: Roughness dala 



HAW 

collected on Ihe test section. 



UOH PROFJLE RAW | 


FnU Ham a 


Upita 


FivU Typn 


DnHDrrplBH 


HT SECTEiK 1D 




CHARACTER 


TtsEs«Di[n idaniicafcin numfacf. 


LTPP 5ECTHDN ID 




CHAHACTEfl^fll 


LTPP tasE 4rc ion iden 4 Ef a ion . 


TEST D-^TE 




D^TE 


Dat= oFprDic colccion. 


RUN_N UMBER 




NUMBERjI.D^ 


A number mdicoing inn posian nFftt run n h« 
stncs. 


FLTER WAirB.BIGTH 


Fl 


NUMBER^a^^ 


kidt^ llttr ^avelenqln 


SURFACE CONDITHDN 




CHAR^CTEROa] 


Dt:;cripfGn ol ^.c »rboe umdiinn 


TEMPERATURE 


^F 


NUMBER^4 1^ 


Tht ;imbitnt bnptraLirt at Ik faa? ol in? tasi 


CLOUD C ON D IT CMS 




CJJARCTER^ial 


Dtscnpisn nFftt ckud coniiiDns. 


AVE RAG E_S PEES 


npii 


HUkBEH^Il.lh 


Thr avHH^ ^nnd ol inn pfoilnmctar diMng ftt 
taEl 


an]_LEFT WHEB. PATH 


in/mi 


NUMBEfl44.0 


fflLvidut br int Itll wfi«cl pa+i 


inLHtGHT WHEB-_PATH 


ri/mi 


NUMBER^4.0 


Ifll voJut br int lif^lv/httl pain 


ini AVEHAGE 


in 'mi 


NUMBER^4 1^ 


Avtrnnt ol in? Itltnnd lighl hvhn?l pain IRh. 


PROFLE_HANU FACTU RER 




CHAR ACT ER(211 


IdtnlEc^iDn ol in? p^Dllomcl^r nanuFochrcf. 


PROFLE MODEL NUMBER 




CHARACTEROa] 


M ZLnutnctjrcf^ iwidd iMMvbnr km inn pfoilamttar 


SENSOR TYPE 




CHAR ACT ER^al 


Tht tvp? oi EiH^DriHnd n ti« pmSotBc kf . 



Table htame: MON.PRORLE 

Descriplion. Roughness data collecledon IFie test section. 



UOH PROFILE 1 


FKid Hamn 


Unih 


FivU Typn 


Dnnc ripikin 


MT EECTDN lU 


CHARACTER 


Ttstsncion tdHiiicaion number. 


LTPP SECTHDN ID 


CHAR ACT ER^al 


LTPP t:;! ::tcicin ideniicaion. 


TEST D-^TE 




D^TE 


Dat= ol proF c cd ccion. 


AVG IPI LEFT ^VHE=■■_ ^.^TH 


in.tai 


NUr^BER^4 1^ 


Averane vP, "alu? "or +i? c'l wheel pah. 


STD_IR LL£FT_fcV H^t^._;:.^TH 


in.tai 


NUr^BER^4 1^ 


Standard DE^■latD■~ ol t~E IRh n?a::xred in inn 
Icltvitieel pah. 


H W_ffl LL EFT_ W H E EL_ PATH 


in^i 


NUhiBER|4.0 


Minimum ol inn IRk mtocurnd rn fit Infiv4icnl 
puin 


MA >L_^R LL EFT_ W H E EL_ PATH 


in^i 


NUr^BER^4.1^ 


Maximum oi h« IRh n?astrcd in in? Itltvihc«l 

p^in 


AVG IRI R»GHT WHEB. PATIJ 


in^i 


NUr^BER^4.1h 


AvHnnn IRIvBhin br in? lighi'Ahttl poin 


STD_ IRLR»GHT_WHEEL_PATH 


in^i 


NUrJBER^4 1^ 


Standnrd dtvinion af h« IRh n?astrcd in inn 
nghi hvh??l poin 


M W_l R L R »G HT_ W H E EL_ PATH 


in^i 


NUrLiBER^4.1^ 


Minimum ol inn IRk m«o::ur?d in lit nghL 
whttl pain 


HA >:_l R L R 13 HT_ W H E EL_ PATH 


in^i 


MaiHimum ai fit IRIsnnastrcd in hn li^i 
whtti poin 


AVG_IR LATTER AGE 


in.tai 


NUr^BER^4.1^ 


Avtrag? ol in? ovtrag? ol in? Itltand li^i 
whttlpali IRb. 


STD IRLAVERAGE 


in.^i 


NUr^BER^4 1^ 


Standard de via ion oF ht a/«fa(|t IRh 


MIN IRI AVERAGE 


in.tai 


NUrJBER^4 1^ 


Minimum 3" di? :l "eraq? "Rfc. 


WA>:_IR LAVE RAGE 


in.tai 


NUr^BER^4.1^ 


Maximum oi he a/eragc IRh 
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Table r^me: h10N_RUT 

Description: Rul depths collecled f rom Ihe test section 



UOH HUT 1 


F^ld Ham? 


Un ih: pKld Typt Dt^c ripTtoB j 


WT_EECrDN_ID 


CHARACTER 


Tt:^t ::eciiLn tdeniicsiDn number. 


LTPP SECTtON ID 


CHARACT^fl^fll 


LTPP tsl ^BDinn tdHiiicaion. 


TEST nATE 


DATE 


D alt D F ru r da ti coIk ion. 


STATION 


E4UUBER4D.1h 


Locaion oF tt::l nlai/t b ftt 


WJHB.rJE_nUT_LEFT_WHEB- PATH 


m HUUBEfijS^^ 


Ru1 dcph meocurcd n ht Inflv/htnl 
pain 


WinaidE_nUT_HGMT_WHEH_ PATH 


In NUMBER^S^^ 


Ru1 dcpfi mtJKLircd n ht righitwtic«l 
poin 


HHA_RUT_LWP 


n NUMBER^2^^ 


Ru1 dcph measured n ht HMA layer 
in ht IcFl hvFitcl pain 


HHA_RUT_nWP 


in NUMBER{3 2) 


Ru1 dcph measured n ht HMA laynr 
in ht nnFi t vitic«l pah. 


BASE_nUTJ_WP 


m HUUQ^RjS^h 


Ru1 dnpfi mtowjrnd n ht batx \s.fcr 
in ht IcFl hvhit?l pain 


flASE_nuT_nwp 


n NUMBER^2.£^ 


Ru1 dcph mtocurcd n Ik base \u/tr 
in ffet righitwfic«l pafi. 


SUBGnADE_nUT_LWP 


in NUMBERjS^^ 


Ru1 dcpfi mtJKLircd n ftt stM>poilt 
lovtr n ifet l?Fl hvFiccI pain 


SUBGnADE_nUT_fiWP 


n NUMBER^2.£^ 


Ru1 dcph measured n Ite stM>poile 

1 laver n Ite ripFi L vitiecl pah. 



Table h4ame: 
Descriplion: 



Pj10N_RUT_ 
Rul depths 



HAW 

collecled from ItK test section 



UOH RUT RAW J 


FKid Name 


Unit* pKld Typt 1 Dtac rip In ■ 


MT EECTDN ID 


CHARACTER Tt:^t sec ion HfeniicDion number. 


LTPP 3ECTION_IO 


CHARACTER^fl] , LTPP ttsi stcian idHiiicaion. 


TEST DATE 


DATE 


Dnto af nit data colKion. 


STATDN 


NUF^BER^^.Ih 


LccaAon af te-^t, rdaive b he btginmnq oi in? tslcea^an 


DEPTH 


in NUF^BER^-3 1^ 


Drptfi btlaw fte strkiJiK l^al ine fransverse praBt is 
mtastred. 


Kl 


jn D1UUBEA44.0 


Disbnce af fie paint hita inn ean^ol paint an ine ^aulder 
sida {rfong fie rafefefKB lH»a faie. 


KZ 


In NliriBER44.1^ 


Disbnce af lie paint tota ine eanhil pain tan fie chaulder 
Side olonq lie reFcfence base faie. 


X3 


in NUF^BER^4 1^ 


Disbnce a\ lie painL tota ine eanhil pain tan fie sFioulder 
»dc olonq lie retfencc base faie. 


K4 


in NUFJBER^4 1^ 


Disbnce af fie paint tota ine eanhil pain L on fie sFioulder 
sjde olofiq lie rnfcfeticn base faie. 


X5 


in NUFJBER^4 1^ 


Disbnce oF lie paint hita inn canhil pain tan fie sFioulder 
ladn alofiq he reFcrence base faie. 


XD 


in NUFLiBER44 


□iEbnc« aF he poinl kfxm ine canhil paint an fin ^aulder 
sde olofig fie rnfcfencn basn faie. 


XT 


in NLiPLtaE1144 


Disbnce aF lie paint hitB ine can^ol paint an fin ^aulder 
sdn olofiq lie retfence base faie. 


Ka 


in NUF^BER^4 1^ 


Disbnce af fie paint tota ine canhil pain tan fie sFioulder 
side olofiq lie retfence base faie. 


Kd 


in NUFJBER^4 1^ 


Disbnce aF lie poinl ktiwm fie conhil point on fie sFioulder 
sjdn olofiq lie rntfencn basn faie. 


X4D 


in tlLIFLiBER^4 1^ 


Disbnce af fie paint hita inn can^ol paint an fin ^aulder 
ndn fllofiq fie rnfcfencn basn faie. 
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Kll 


In MUPifatT?(.*.lJ 


□ isbnct [>f he pninthifa inn cnn^ol pnintan tie ^nuldcr 
sde olonq Ite refefctKn Ikkq fate. 


X1E 


in NUMeEF:^4 1^ 


Disbnct [>Fhe pnint tota ine cnnhil pninLon fie ::houlder 
sjde olong Ite rnfcfctKn base fave. 


X13 


in NUMBEF:^4.1^ 


Disbnct [>F ifee pnint hita ine conhil pom L on fie ::houlder 
sde olonfl Ive reFcfciKe ba::e fave. 


X]4 


in NUMBER44.q^ 


Disbnct oF Ive pnint tota ine conhil pnint nn fie ^nuldcr 
Side irfong he rnfefeticn basa fate. 


X]9 


in NUUaER44.rih 


DnEbnct of fie pnint hita inn cnn^ol pnint nn fin ^nuldar 
ndn irfonq he rnfefeiKn hmaa faie. 


X1B 


in NUMeER44.1^ 


Disbnct [>f he point tota fie cnnhil pnintnn fie ::houlder 
»de olonq lie reFcrence ba::e faie. 


K1T 


in NUMeEF:^4 1^ 


Disbnct oF lie poinl tota fie conhil pom L on fie ::hioulder 
»de olonq lie retfence ba:;e faie. 


X1B 


in NUMeEF:^4 1^ 


Disbnct oF lie pnint tota fie cnnhil poinl on fie ::hioulder 
sde olonfl lie reFcreiKe ba::e fave. 


X]9 


in NUMBER44.0 


Disbnct oF lie poinl ^ehb fie conhil pnintnn fin ^nuldar 
side along he reFefence ba::e fave. 


X2D 


in N UMB£A44,0 Distinct dF ht painL tota inc cnnhil pnintan fia ^nuldar 


KE1 


in N UMBER^4 1^ | Disbnct of ftt pninthifa inc ci^nhil pninLon fi« ::houlder 


Xee 


in NUri9EF:^4.1^ 


Disbnct oFhe pnint tota fie canhil pninLon fie ::hioulder 
sjde olonq lie retfeiKe boce faie. 


XE3 


in NUMBEF:^4 1^ 


Disbnct oF lie pnint tota fie cnn^ol pnintnn fie ::hioulder 
adn olonq lie rntfeiKn bun faie. 


>:» 


in NUrLtBER44.q^ 


Distance of he pnint hita fin cnn^ol pnintnn fin ^nuldnr 
»de olong lie retfeiKe base faie. 


XE5 


in NUMBER^4.1^ 


Disbnct oF lie point tota fie cnnhil pnintnn fie ::hioulder 
. side along lie reFerence bo::e faie. 


>:» 


in NUMBER^4.1^ 


Disbnct oF lie paint tota fie cnnhil pnintnn fie shnuldar 
»de olonq lie reFerence bo::e faie. 


KET 


in NUMBER44.1^ 


Disbnct oF lie poinl tota fie conhil pninLon fie ::hioulder 
»de olonq lie reFerence ba::e faie. 


Xeb 


in NUMBER^4.1^ 


Disbnct oF lie point tota fie cnnhil pom tnn fie ::hioulder 
side olonq lie reFerence base faie. 


XZ9 


in NUMBER44.1^ 


Disbnct of he point hita fin cnn^ol pnintnn fie shoulder 
side olonfl lie reFerence base faie. 


X3D 


in NUMBER44.1^ 


, Disbnct oF lie point tota fie cnn^ol pnintnn fin shoulder 
sdn olonq he referencn basn faie. 


V! 


in NLJMBER^4^^ 


Disbnct of he point hitB fin rtfarnni:^ bnst linn 


ya 


in ' tlLIMBER^4^^ 


Disbnct of he point hita fin rtbrnnne bwux linn 


V3 


in N UM9ER^4 E^ ' Di^^bncc dF he poinl tnn ti« rcl^r^ncc bust lin? 


V4 


in N UrdEER'4 Z) Dii^tincc dI t-c poinl Kn-- +it 'ctrtncc b^st lint 


V5 


in N UMBER{4 E^ Di:^bnc« dI he poinl ktiwm 4nt rel^rtnce busK line 


VB 


jn N UMBER^4^^ , Disbnct dI ht poinL kfxm inc r«krcnc« bust line 


y? 


in NLiPLtBEA44^^ 


DiEbnc« of fie point hita fin rtfarnnne bwux linn 


ya 


]n NUrLrBER44^^ 


DnbrxM <if fie point hita fie rd=renc« bnst linn 


ya 


in NLIMB9R^4^^ 


Diflkmoo <if ho point hita fie rtl^renct bnst linn 


yiD 


in N UMBER{4 E^ ' Di:^bnc« dF ht poinl tota 4nt r^l^rtnce bzise line 


Y11 


in N UMBER^4^^ Di:^bnc« oF he painL tota ine r«kreno« bzist line 


yiE 


in N UMBER^4.E^ Di:;bnc« oFhe pnint tota ine rderenct bast line 


yi3 


in NUMBER^4^^ 


Disbnct oF lie point tota fie rtl^renct bnst line 


yi4 


in NLiPLtB9R44^^ 


DnEbnct oF lie point tota fie retrench bnst linn 


Yil 


jn NUMBER^4^^ 


□isbnct oF lie point tota fin rtfarnnne bnst linn 


yiB 


jn NUMBER^4^^ 


DnEbnct oF lie point tota fin rtfarnnne buix linn 


yiT 


jn NUMBER^4^^ 


Disbnct of he point hita fin rtbmnne bwux linn 


yiB 


in NUMBER^4^^ 


Disbnct oF lie point tota fie rtkrenct bast line 
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yiB 


In NUkBERf4^h 


Diskunct af ht point tota inn rtbrnnc^ bcist linn 


VZD 


jn NUUBEH44^h 


DiEkunct dF ht pnint tota inn rtbrnnot bast linn 


VZd 


jn HUUB£R44^h 


□iskunct [>f ht pDinthita inn rtbrnnot bnst linn 


VEE 


in N UMBER44 E^ Disbnc^ dF ht poinl km^ 4n« rc^r^ncc bu^x line 


YE3 


in N UMBER^4 Ej Dii^tinct dF he poinl kn-- dit 'c^rtncc b^njc line 


VE4 


in N UMBER^4 Ej Dii^tinct dF lit poinl kn— dit 'ctrtncc b^sc line 


YEl 


jn N UMBER^4^^ . Distinct dF ht painL ^n ine rckrenct bust line 


V» 


in ttUMBER44^^ 


Disbunct [>f ht pDinthita inn rtbrnnot bnst linn 


yzT 


in ' NUMBER44.E^ 


D^Ekunct [>f ht pDinthita ine rtl^renct bcist linn 


V2B 


in NUMBER^4^^ 


□iskunct [>f ht pDinthita ine rtl^r^nce bcise line 


YE9 


in NUMBEF:^4^^ 


Disbnct dF lit pDint tota ine rtkrenot bcist line 


YSD 


in NUMBEF:^4^^ 


Disbnct dF lit pDint tota ine rtkrenct bnst line 



Table htame: 
Description: 



TnF_AXLE_DETRIB 
Axle load spectra data 



ilOH PHOFJLE 


FkU Hnmn 


Unita FiaU Typn 


Desc ripluB 


MT.SECTDN ID 


CI^ARACTER 


Test sec inn idHiiicniDn numbtf. 


1_TPP SECTION m 


CHARACTEfl^fll 


LTPP t:^l :;tcicin idcni iczi ion. 


DATE YE^R 


NUMBER^4.D^ 


Vaar ^r which frciFic dciti cire rtpoffeid 


D^TE MONTH 


NUMBER{2 0^ 


hian+i ^r which Id Fie dciti cire npoffeid 


SIIGLE 


NUMBER^a 0^ 


Numbtf oFznile ci>lt:: ronf^ig tota O hi 233? fc:^ 


5IIGLE 3000 


NUMBER^a 0^ 


Numbtf dI cnglc ci>lt:: roffef^ig tota 3uuu Id ^333 fc:^ 


SIIGLE_4DDD 


NUMBER^a 0^ 


Number DF;s¥glt ci^lt:: rDftgng tota 41HH> \n 4333 ■>:: 


StlGLE_DDDD 


NUMBER^a 0^ 


Numbtf oF^nglt ci^lt:: rDftgng kowm ^1HH> \a ^333 fc:^ 


SIIGLE OOOD 


NUUBER^B.Dh 


Numbtf aftMt^^ ainlt:: rDftgnq tota {11HH> b 0333 fcs 


SIIGLE ^ODD 


NUMBER^S \» 


Numbtf aftMt^^ Bjdtt roftf^ifi tota 71HH> Id 7333 ■>£ 


SIIGLE aoOD 


NUMBER^a 0^ 


Numbtf aftMt^^ nidt-t r^sfef^m tota S1HH> b 3333 fc:^ 


SIIGLE 9oaa 


NUMBER^a 0^ 


Number oFznglt ciinlt:: roffef^ig tota SDDD b BBBB Iib 


StIGLf 10000 


NUMBER^a 0^ 


Number oF^tglt ci>lt:: rDftgng tota 1DJDDD b ID^BB ■>« 


atlGLE 11DDD 


NUMBER^a 0^ 


Numbtf DF;s¥glt ci^lt:: fDffegng tota 11 JDDD b 11^33 fcs 


StlGLE_1EDDD 


NUMBER^a D^ 


N umbtf D F sfe^ nitJt^ f^n^q tota 12J]DD b 12^33 ■» 


SIIGLE 13DDD 


' NUUBERjB.Dh 


N umbtf [>f Bfef^ nidt^ f{»(mi tota 13J]DD b 13^33 Ik 


SIIGLE 140DD 


NUMBER43 0^ 


Numbef dI ;»glt di^lt:: fDftf^ig tota 14 JDOO b 14 333 ■>:: 


SIIGLE 1S00D 


NUMBER^a 0^ 


Numbef dI ;»glt ci^lt:: foffegnq tota I^JIiOO b 1^ 333 ■>:: 


SIIGLE 1D00D 


NUMBER43 0^ 


Numbef oFzsinle ci^lt:: f^^n ""^ Kd'~^ i^ 000 b i^ 333 ■>:: 


SIIGLE_170DD 


NUMBERjfl.D^ 


Numbcf dI ^n^t aitJtt fOft^iig kfxm ITjIiOO b 17^33 fcs 


StlGLE_1BDDD 


NUMBERjB Dh 


Numbef oF^n^t B:dt-t f iBfe^ig hita 1SJDDD b IS^BB Iw 
Numbcf oF^nf^ Bjlesfoni^Ki kowm 1? 000 b 19^33 ■>£ 


StIGLE 1BDDD 


NUMBER^a 0^ 


StIGLE EDDDD 


NUMBERra 0^ 


Numbef dI ^fef^ Bjdtt f offef^ig tota ^0,000 b ZD^BB ■>£ 
Numbtf oF^feglt ninlts fOftf^ig tota £1 JDDD b £1^33 fcs 


SIIGLE E1DDD 


NUMBER^a 0^ 


StIGL E :z:ZDDD 


NUMBER^a 0^ 


Numbtf oF^fef^ ninlt:: fDftf^ig tota 22 000 b 22 333 ■>:: 


SIIGLE e::ooo 


NUMBER^a 0^ 


■ Numbtf oF^fef^ nxJt:: fOftf^iq tota 22 000 b ?3 333 Mi:i 


StIGL E E4000 


NUFhlBER-a 0^ 


1 Numbtf [>F^n^t EuJtt foit^ig tota 24 000 b IM.333 ■>£ 
Numbtf [>F^n^t Bjdt&foife^ig tota 1^3^00 b 1^3^333 ■>£ 
Numbtf aftMi^^ a:dtt fOffef^m hita 24JDDD b £4^33 ■>£ 


StIGL E_E5000 


NUMBERra 0^ 


SIIGLE EDDDD 


NUMBERjB.Dh 


SIIGLE 2-000 


NUMBER^a 0^ 


Numbtf [> F ^fef^ aid t^ fVfefmi tota J7 000 b J7 333 fc:^ 


SIIGLE ESOOO 


NUMBER^a 0^ 


Numbtf oF^fef^ ni^lt:: fOftf^iq tota 2B 000 b 2B 333 ■>:: 


SIIGLE EBDOO 


NUMBER^a 0^ 


Numbtf [>F^fe(^ ninlt:: fDftf^ig tota J-^JliOO b 2^ 333 ■>:: 


SIIGLE 3DDDD 


NUMBER^fl.D^ 


Numbtf [>F^fe(^ 3:dts fOffef^m tota SOjIiOO b 34^33 fc:^ 


StlGLE_31DDD 


NUMBERjB.Dh 


Mumbtf D F Bfe^ B:dt« fSfe^q tofa31J]DD b 31^33 ■» 


3tlGLE_aEDDD 


NUMBER^B \» 


Numbtf [>f ^n(^ nidt-^ fjafef^m hita 32JDDD b 32^33 ■>« 


3tlGLE_aaDDD 


NUMBER^a D^ 


Numbtf [>f Bfef^ B:ift« fsvm tota 33J]DD b 33^33 fcv 


SIIGLE 34000 


NUMBER^a 0^ 


Numbtf oF^fef^ ainlt:^ f Dffef^ig tota 34 JIiOO b 34.333 ■>:: 


SIIGLE DCOOO 


NUMBER^a 0^ 


Numbtf oF^fef^ nxJts fOffef^ig tota 33j:i00 b 3^^33 Ik 


SIIGLE 30000 


NUMBER^S 0^ 


' Numbtf [>F^fe(^ nxJt&fOffef^m tota 34JDDD b 34^33 ■>£ 
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StlGLE_37DDD 



StlGLE. 



_N_UMBER^a D) 
NUMBER^a.D^ 



Number 
Numbcf 



^fe^ ainlt^ r^n^q ton 37J]DD b ?7^BB ■» 



5tlGLE_ 



SIIGLE 40000 



NUMBEl^jB.Dh 



Wurabcf af Mi^c nric-sron^ifl tora J9JIDD ti J9 jiBB fcs 



NUMBER^S £}) 



Numbcf dF Jtgic j>l^s ra^g^'V] kp" 4^ 000 to ^O.ggg fco 



TANDEM D 



NUMBER^a D^ 



Numb«f d\ tmdcn axit::: r:]iiqiiiq toiti b 3 ggg ■>:: 



TnNDEM BDDD 



NUMBER^a D^ 



Numbcf d\ trndeiB axlts rzinging from 4,1HH> b 7,??? lbs. 



Tj^NDEM.EDDD 



NUMBER^a.D^ 



Number d\ trndeiB oxits rzinging knm E,1HH> b 9,??? lbs. 



TANDB^.IDDDD 
TANDOt. ]»[»[» 



TAnDaV_^41>{>D 



NUUBERjB.Dh 

HUkBEfl^B.Oh 



Number of tBHleta adts rnngir 
Number of tswIeffB oxies rzingir 



NUhVBEn^B.Oh 



frnm 1D>H»b 1 1 ,?99 lbs 

_ _ fro m 1B>M»b la.ggfllbn 

Number of tanderB axles rzinging from 14 ,DDD b 1D,399 Ibn 



TANDai_1BDDD 



NUMBER^a D^ 



Number d\ \Dndcfm axles ranging from 1Q,4HH> b 1 ,??? lbs 
Number af trnderB axles ranging from 1E,1HH> b ig,??? lbs 



TANDEM_1BDDD 



NUMBER^a D^ 



TANDEM SDEHM 



_TANDEM_EEDDD_ 

JTANDEM E4DDD 

_TANDEM EBDDD 

TANDEM EEDDD 



NUMBER^a D^ 

NUMBER^a D^ 
NUMBER^a D)_ 
NUMBER^fl.D^ 



Num ber i 
Number i 
Number i 



FtrnwIerB o> 



les rangir 
les rangir 



from £0,1HH> bE1, 



IbE 



F feSHlerB oxies ranging from £2,1HH> bSB.^^^Ibc 
FtBHiera oxies ranging from 24,1HH> b B3,??? lbs 



NUMBER^B D^ 



Number af biMlera axles ranging frnm 50,000 b B7,??? lbs 



Number [>FbiHlerB axles ranging fram 2B,0OO b BB,??? lbs 



TANDEM 3DDDD 



NUMBER^a D^ 



I Number of trnderB axles ranging from B0,1HH> b 3 I ,a-9? lbs 



TnNDEM 3EDDD 



NUMBER^a D^ 



Number of tmden axles ranging Tom 32 {HH> hi BB,?aa lbs 



_TnNDEM I 4DDD 
TANDEM 3BDEM 



TANDEM 3BEHH* 



TANDEM 4DDEM 



NUMBER^a_Dj_ 

NUMBER^B.Dh 



NUMBER^B D^ 
NUMBER^a D^ 



N umber p f taiMlera axles ranging Tom 34,4HH> b 3S,??? lbs 



Hinberaf tHHlera :lxI?o innging nom aD,000 b 37,000 Ibn. 

qf lMMler» axles ranging 3om BB ,000 b 3B ,000 Ibn 



Wifmber 

Number 



hFbnderB axles ranging from 40,000 b41 ,000 Ibn 



TnNDEM 4EDDD 



NUMBER^a D^ 



Number oF trnderB axles ranging Tom 42 1HH> b 43 ??? lbs 



TANDEM 44DDD 



NUMBER^a D^ 



Number of tPiMlera axles ranging Tom 44 4H>D Id 4S,3 3a lbs 

Number oF trnderB axles ranging from 40,1HH> b 4~,?^? lbs 



TANDEM 4BDDD 



NUMBER^a D^ 



TAtlfiEU_4BDDD 



TANDOI.HMEM 



JTANDEM 5EDDD 
TANDEM =^DDD 



NUMBER<a,D) 



NUMBER4B,Dh 



tlLJkfe£R4B,Dh 



NUF^^En4B,Dh 



Number aF tanderB axles ran-: 



Hunber of trndera ades ran- 



Number af tBHlera axles ran- 



from 4B,1H>0 b4B, 



IbE 



from SO ,0 00 b B 1 ,OO0 Ibn 

from 52,4HH> b^3,*»9lb= 



IS 

Number oFtMMlera axles ranging from S4,4HH> Id SS,3?? lbs 
Number of bindera axles ranging from SQ,4HH> b S",?^? lbs 

Number a\ trnderB axles ranging from ^3 D-D-D Id ^3 ,9a-? lbs 



TANDEM_BBDDD 



NUMBER^a D^ 



TANDEM BEDDD 



NUMBER^a D^ 



T-^NDEM BDDDD 



NUMBER^a D^ 



Number af bnderB axles ranging Tom 40 3uC Id 4 1 ,9 9? lbs 



tandem b2ddd 

Tandem .[s addd" 

tandem bbddo 



TANDEM BBDDD 



_NUMBER^a D) 

NUMBER^a D^ 
NUMBER^a D^ 
NUMBER^a D^ 



Number 
Number 



FtDndera axles rangir 
les rangir 



hFtDnderB ax 



from e2,1HH> Id 43 ,9^9 lbs 

from 04 ,4HW_b_MW?_lbE 

from 00 , W» b 07 ,^^9 IbE 

Number of tswlera axles ranging from 0B,1H>O b 03,??? lbs 



tliMaber of tHidera ades rangir 



■s 

Number of bindera axles ranging from ~0,4HH> Id " I ,J9? lbs 
Number of trndera axles ranging Tom ~£,1H>D Id ~3 9a? lbs 

■s 



TANDEM 7DDDD 



NUMBER^a D^ 



T-^NDEM 7EDDD 



NUMBER^a D^ 



TANDEM_74DDD 



TANDai_7WH>0 



TANDai_7WH>0 



TANDOI.aoooo 



TRIDEM.a 



NUMBER^a D^ 
NUMBER^a D^ 
NUMBER^a,D^ 



NUMBER4B,Dh 



NUMBER^a D^ 



N umber p F taiMler a axles ranging Tom "4,4HH> b rs,??? lbs 

HtMvber af iBHlerB nxleo i -ingiiKj nom 7D,000 b 77,?0? IbE 
HiM»ber of iMwIera axles langing lom 73 , 000 b 7B ,0?0 IbE 
1mder» a Jes rang i ng fr om 30 ,0 00 b 3 1 ,000 Ibn 

tidera ahltM ranging frnm to 



Hiaaber [vf1 



N umber afi 



333 1k 



TRIDEM_12aao 



NUMBER^a D^ 



N umber af tidera ahlcE ranging frnm 12,1HH> Id 14,??? lbs. 



THIDEM_iiaao 



NUMBER^a D^ 



Number of bdem axles ranging from l^,1HH> Id I ,33? lbs. 



TEIJE] EM.lBCao 



TRIDBJ_Z1(]0O 



TH ID EM 

"thidem 



24a0O 



2 7a(]0 



NUMBER^fl,D^ 



NUM BERjB Dk_ 
_NUMBERra 0^ 
NUMBERra 0^ 



Hiaaberafl 



Number a f bdem 
bdem 

bdem 

Hiaaber af bdem 



Hiaaberafl 



axlep ranging 
axlep ranging 
axlep ranging 
axlep ranging 



from 
from 
from 
from 



I3,1HH> 
2I,1HH> 
24,4HH> 
2-,4HH> 



\n 20,??? lbs. 



Id 23,??? lbs. 
Id 20,??? lbs. 
Id 23,a?9lbs. 



TRIDEM.aaaao 



NUMBER^a D^ 



Number of bdem axles ranging from 30,1HH> b 32,??? lbs. 



TH ID EM.aaaao 



NUMBER^a D^ 



Number of bdem axle^ ranging ^om ZZ CD3 Id 3^,??? lbs. 



TRIDEM_3aaao 



NUMBER^a D^ 



Number ol tidcm axle^ ranging Tom ZO uu3 Id 33,??? lbs. 



TRIDEM 

"thidem. 

TRJBEM_ 



93aai> 
42000 

4Daao 



TH ID EM 4B00O 



_NUMBER^a D) 

NLIMBER{a,D^ 
NUMBER4B,Dh 



NUMBER^a D^ 



Number 
Number 
Number 



bdem 
bdem 
b'dem 



axlep ranging 
axlep ranging 
axles ranging 



from 
from 
fram 



33,000 
42,1HH> 
4D,000 



b 41,??? lbs. 
b 44,??? lbs. 
to 47,??? lbs. 



Number af bdem axle^ ranging from 43 1HH> Id 30,??? lbs. 



THIDEM.IIOOO 



NUMBER^a D^ 



Number af bdem ZLxle:^ ranging jom 3 I ,uuD \n 33,??? lbs. 
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TRIE] QJ_EMa(]D 



TRIE] BjI_D TQCD 



_N_UMBER^a D) 
NUMBER^a.D^ 



Numbcf dF kidern axlt:^ rzingina knm D4 



poo ti Bl .BPP Ibn- 



Numbcf d\ kidem axles ranging knm H7,000 to HP.PPP Ibn. 



TRIDEMaaaao 



TR ID EM aaaao 



NUMBEl^jB.Dh 



Wufubcf af ^dem axles ranging ^Dm BD ,000 to BE ,??? Ibs- 



NUMBER^S D^ 



Number d\ kidern axlts ranging ^om 43 1HH> Id 0^ 3^9 lbs. 



TRIDEM aaaao 



NUMBER^S D^ 



Number of kidem axlt:^ ranging rrom 44 Cu3 Id 4E!,9 9? lbs. 



TRIDEM.B^aao 



NUMBER^a D^ 



Number d\ kidem axlts ranging from 4?,1HH> \n I ,??? lbs. 



TR ID EM_72aao 



NUMBER^a.D^ 



Number d\ kidem axles ranging fram r2,1HH> to r4,??? lbs. 



TR ID EM_7flaao 

TRIDSjI.TSCOO 



TR 1BQ^_B 1CCO 



NUUBERjB.Dh 

HUkBEfl^B.Oh 



Number of toden^ axles mnging fram 7B,000 to 77 ,3?? lbs. 
Number dF kidem axles ranging from 7E,1HH> to BCi,??? lbs. 



NUMBER^B.Oh 



Number dI kidem axle:^ ranging from EI1 ,1HH> Id BB,??? lbs. 



TRIDEM_a4aao 



NUMBER^a D^ 



Number oF kidem axles ranging from B4,1HH> \n B4,??? lbs. 



TRIDEM 3 7aao 



NUMBER^a D^ 



Number oF kidem axles ranging from B~,1HH> Id B?,??? lbs. 



TRIDEM gg ggo 

"TRIDEM_g3 ggo 

TR ID EM_^aggo 



TR ID EM_??ggo 



OUAD.D 



NUMBER^B D^ 

_N_UPJBER^a D) 

NUMBER^B D^ 



Number oF kidem axles ranging from ?■:■ [>u1] Id gB .ftOO lbs. 
Number oF kidefn axle:^ ranging from ?B,1HH> \n ?3,??? lbs. 



NUMBER^B.D^ 



NUMBER^B D^ 



Number dF kidem axle:^ ranging from gQ,4H H> to gB,??? lbs. 
Number pF kidem axlt^ langing from 55 EHW to 1 D 1 ,000 lbs 



Number pF quadruple axle^ raj^ging from Q ti 11.999 fcs 



O UA D _ 1 EQDiIi 



NUMBER^B D^ 



Number oF quadruple axles rangir 
Ib^ 



from 12,1H}0 to 14,??9 



QUAD.ISDDD 



NUFLiBERjB.Dh 



Number af quadrupin axles rangir 
Ib^ 



fram 1D>H» to 17,??9 



aUAD_1BDDD 



NUr^OERjB.Dh 



Number aFqundrupIn odes rnngir 
Ib^ 



g fram 1B>H» toED,??9 



OUAD_E1DDD 



NUr^BER^B D^ 



I Number oF quadruple ai^es rangir 
■ Ibo 



fram E1>H» toEB,999 



OUAD.EADDa 



NUMBER^fl D^ 



Number eF quadruple axles rangir 
Ib^ 



fram E4>H» to Eg,??9 



OUAD.ETOOCi 



NUr^BER^B D^ 



Number oF quadruple axles rangir 
lb« 



from 27 «0 toEB,??9 



QUAD.BDDDD 



HUUGERjB.Dh 



Number af quadruple axles rangir 
Ib^ 



fram BD>H» toBE,9?9 



QUAD.BBDDD 



NUFLiBERjB.Dh 



Number aFqundrupIn axJes rangir 
Ib^ 



fram BB>H» toBD,9?9 



aUAD_3DDDa 



NUr^BER^B.Dh 



Number ef quadruple axles rangir 
Ib^ 



fram BD>H» toBB,??9 



OUAD_3BCiCia 



NUMBER^B.Dh 



Number eF quadruple axles rangir 
Ib^ 



fram BB>H» to41,??9 



OUAD.AEDDQ 



QUAD.ASDDD 



NUr^BER^B D^ 



NUr^BERjB.Dh 



Number pF quadruple axles rangir 
Ibo 



fram 4E flOO to 44 ,9ff9 



Number af quadrupin axles rangir 
lb« 



fram 4D flOO to 47 ,??9 



aLIAD_4BDDD 



NUr^BER^B.Dh 



F^umber aFqundrupIn axles rangir 
lb« 



fram 4B flOO to DD ,??9 



aUAD.aiDDD 



NUFiiBER^B.Dh 



Number ef quadruple axles rangir 
Ib^ 



fram DI^IOO toCB,??9 



aUAD_^4DDD 



NUF^BER^B D^ 



Number oF quadruple axles rangir 
lb:: 



from ?4,1HH> to?4,?99 



a4JAD_a7DDD 



QUAD.aDDDD 



NUMBER^B D^ 
"NUMS'ERjB.Dh 



Number pF quadruple axles rangir 
Ibo 



fram □7>H» to?B,??9 



Number af quodrupln axles rangir 
Ib^ 



fram DD^IOO toDE,??9 



OUAD.aBDDD 



NUFiiBERjB.Dh 



Number aFqundrupIc axJes rangir 
Ib^ 



fram DB^IOO toBD,9ff9 



OUAD.BBOOCi 



NUMBER^B D^ Number oF quadruple axles rangir 

Ib^ 



from 00.4HH> toOB.*»9 



OUAD_B9CiCiCi 



NUFJBER^a.D^ 



Number oF quadruple axles rangir 
Ib^ 



from 4B>H» to71,??9 
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OUAn_Tznnn 



NUkTQ^n^B.Dh 



numbcf [>f quadruple oi^ts rangir 
lEio 



turn 7S>H» to74,9ff9 



OUAD_TaaDa 



NUMBER^S D^ 



Numbcf oFquudrupl^ axlt:^ rzinging k^m 7C,DDO b r7,??? 

lb:: 



OUAD_7aciaa 



NUMBER^a D^ 



Numbcf dF quadruple oxit:; rzingir 
lb« 



frcim 7S,1HH> U>SCi,??9 



QUAD.BIDDD 



NUMBEfijB.Dh 



Numbcf [>f qundrupln 4Klts rangir 
lb« 



turn B^floo^B3,^^^ 



aUAE]_B4DDD 



MJUflEfljB.Dh 



numbcf Elf qundrupln adts rangir 
lb« 



turn B4>H» to BD.^^ff 



aLIAD_B7DDD 



NUMBER^fl Dh 



Numbcf [>f quadruple axlts rangir 
Ifa^ 



knn\ BTflOO bB?,??9 



OUAD_9DCiCia 



NUMBER^a D^ 



Numbcf dF quadruple axlt:^ rangir 
Ib^ 



from ?Ci>H» bBS,??9 



OUAD_95CiaD 



NUMBER43 D^ 



Numbcf dF quadruple oxie:; rangir 
Ibo 



from ?B«4 bBC,??9 



QUAD.BaDDD 



NUMBERjB.Dh 



Number of quadruple oxles rangir 
lb« 



fram BD>H»bBB,?ff9 



QUAB.BBDDD 



kUUBER^B.Dh 



Humbcf [>f quadruple odes ranging fram BB ,DDD b 1D1 ,999 



Table teme: THF_AXLE_D(STRIB_ORIG 
Descriplion: Axle load spectradatalrDm LTPP (fata 



UOH PHOFJLE 


Fiakl Name 


Uab FwUType 


DeaariplEia 


HT SECTDN 1D 


CHARACTER 


Test sec ion ideniicaion number. 


LTPP SECTHDN ID 


CHAR ACT ER(fl] 


LTPP te:^l :;ec ion ideniicaion. 


DATE YEAR 


NUMBER^4 D^ 


Year ^r which fraFic dab are repofl^d 


AXLE GROUP 


NUMBER^ D^ 


1 Number o Faille:: n hi:: fr<HV- 


WEEHT Ri^GE LOW 
WEEHT Ri^GE.HKJH 
NUMBER AXLES 


NUMBER^^ D^ 
NUMBER^a D^ 
NUMBER^a D) 


1 Lcv/er Iini1 o F ^eighl ranfie. 


Upper ini1 o F ^ei^l ronge. 


Number o F axJe :^ bdonf^m b friKV/einhtranna 



Table hfame: THF_AXLE_SUHHARY 

Descriplion: Annual numbered axles In each a:cle group 



UOH PROFILE 






FKid Name 


Unhn FiaU Tvpe 


DeaariplEia 


MT EECTDN ID 


CHARACTER 


Tesfcsacian ideniioaion number. 


LTPP SECTHDN ID 


CHAH^CTER^al 


LTPP bsl :;erion idenlicaion 


OATE YEAR 


NUMBER44 D^ ' Year i^r which tulSc daLi are ^cpDrlsd 


AKLt.GflOUP 


NUMBER^ D^ N umbef D F a>le :: n !■:: pfH^t. 


ANNUAL_ft>:LE_N UMBER.EST 


NUMBER^B D^ 


Ei^^aaled number o h ainle-^ bdonpfeg b 
friis ainle nroup n he LTPP lane 


ANN UAL_ft>:LE_N UHBER.ftCT 


NUMBER^B D^ 


ActooJ number aFainles fram he Wl^ 
dab 4na L confribu led b he eslmal^s in 
frie X'J-4 bble tr 4nis a>le group 


AtiJK U AL_ VEHiCL_N UMB EEl_AC T 


NUU^EJ^jB.Dh 


ActooJ number ol /ehicles from frie WM 
dab 4na L confribu led a L leasl offee ai^le b 
he W-4 axle dk^ Atiian frir his a:4le 
^^- 
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Table Wame: TRF_VEHICLE_DrSTHIB 

Descnplion: Annual vehicle lypedistrlbullon Inlonnalion 



■OH PHOFILE 


FKid Ham? 


UriTt^ Fnld Typt Dtac rip In ■ 


WT_EECTDN_ID 


CHAR ACT Efi 


Ttstsccinn tdeniicziiDn numbcf. 


LTPP SECTIDH D 


CHARACTER^fll 


LTPP tEl ^eninn idHiiicaiDn. 


DATE VtAT? 


HUkeER44.0h 


Yanr kr whiiii fraHc dati art rcpofl^d 


VEHCLE_TYPE 


HUUBEA^S.Dh 


FHWAvn^citcJasscodt kwm Eh? fraFic 
mDnilDfTig guidn 


VOLUM£_£ST 


Hiihm^Ri? ,\>i 


Aimiuri bill kujA va\un\^ nsimafei n LTPP 


Vt H FCL ES_CL ASS IFIED 


WUPrfBtT^(7 Dj 


AcboT numbcf nf vctiiclns used in in? 


VEHH=LES_WE»GHED 


NUMBEF:^? D^ 


Ac^dJ nuiTiDEr ol /chfcl^s used in inc ESAL 
calct^innE ton WM data 


tS AL_ V E H CLE_D AT A_M E AH 


NUMBEF:^^ 3^ 


Avtragt ESALopcf vcIikIc br inis vcliKin 
' type in ti? L T P P knt c zdcub bd u:;ng W N 
d^b 



Table Wame: TnF_EST_ESAL 

Description: Estimated annual ESALs and truck volumes 



■OH PHOFILE 


FbU HflmD 


UbiI* 


FitM Tyr? 


Dc^cnpln n 


HT_SECTIDtJ_ID 




"character 


T?s1 :;?c^Gn idtn^Ec^kan numbti 


LTPP SECTIDH D 




CHAR^CTER^Oh 


LTPP b^1:;?c^Gn idtn^icaian 


DATE YEAR 




tJUMQERHJll 


Year Ibr A'~ich t^Pic d^ta arc rt[>[>rtod. 


AADT_ALL_VEHC 




HUMSERfSJ]^ 


Eskmottd onnuaJ averse dojl/ tuPic br lit 
LTPP lant 


AADT_TnUCK_COMBO 




NUMQER^S^Oj 


E^^km^bd annuaJ averse daily number oi kuchs 
in *it LTPP lane 


AWL_KESAL_LTPPJ_N YR 




HUMgERf!»J]3 


AnnuaJ ESALs m tu iuiBwidEn ha LTPP bfw. 


METHOD_EST 




CHARACTERfl) 


H [>r M indicafng f^tia ihih -m^ r#ih»i n rt ktint 
hi:;bricd Drmonitared in^ima^en. 



Table r^me: TRF, 
Descnption: Data 



SHRP_DAT 

used in ESAL calculatioa 



UOH PROFILE 


FKid Hame 


Uflita Field Typt Dtsc rip In ■ 


MT SECTDN ID 


CHARACTER Ttst sec icm ideni ica ion number. 


LTPP SECTION ID 


CHAR ACT ER(fl] 


LTPP tail arninn ideni Eca ion. 


EJ=FECT^E_VEAR 


NUMBER^4.Dh 


Year of cotK^iKion eveni knm wfiich pavnmenl 
par^Battoffs became cffacive. 


EFFECTrVE_MaNTH 


NUMBER^S D^ 


M[>nfi ai con^^ucion eveni kom vitiich pavemeni 
pafOfBtkffs became eH=cive. 


EFFECTrVE_DAY 


NUMBER^2.D^ 


Da/ ai conokucion eveni knm vnhich pavnmenl 
pafDfBekffs became nfbcive. 


TERfJHAL_SI 


tlUMB^R^S^^ ■ Ttrmin :J Kf vic^difily indnx used in ESAL c^aulKiotv 


STRUCTURAL_Ha 


NUMBER^4^^ S ^uc taral iHMBber br Icnble pa^m en b tKvd n ESAL 
1 calct^ians. 


DEPTH 


NUMBER{4 ^) D tpfi D r riflid luvtmeni u:;ed ri ES^L calctdaians. 


PAV£_TYPE 


CHARACIEfiOJ 


Type dI pavenent, icxjble (Fh [>r li^d (HKu^^d n ESAL 
calct^ians. 
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Table Wame: Tnr_M0HITOn_BA51CJNro 

Descriptionr Summary InLormallon concerrung dala colleclion and she characterislics 

ofi a yearly basis 



HON PHOFILE 


FiaUHEsma UmJim 


FwU TvPQ 


1 Qrsc rip In ■ 


MT SECTDN ID 


CHARACTER 


Tt:^t^«c4on idHiiicaion numbcf. 


LTPP SECTHUN ID 


CH-^R^CTER^al 


LTPP tiilstc^on [fc-^Fcnfnn 


DATE YE^R 


NUM9ERr4 D^ 


. Year i^r which tsHc dsti ur^ wtfyar^d 


ATR.VOLUHE.DAYS 


NUMBER^S.D^ 


Numbcf Drda;p^ ol vnlumt dati used in 
tit calctdainn ol AADT ton v\ ATR 
device 


AVC_VOLUME_DAYS 


NUMBER^-^ D^ 


Numbcf oFda^ ol viiilum^ dciti used in 
tit calctJaicinscir^^DT tom an kVC 
1 dencc 


AVC_CLASS_DftYS 


NUMBER^J.D^ 


Number oFdajpr: ol vehiJe cla:» dab 
used n he cokulaionsol vehiJc-sby 
clas« kam an AVC device. 


WAl_CLASS_DftYS 


HLIUBEA^S.D^ 


Number of dajp^ ol vnhmie ckkss data 
used n he c okula ion:^ ol vehiJe-sby 
claso kom a WM device 


WW_W4_DftYS 


NUMBER^S.D^ 


Number [>Fda;p^ olW-4 dab u^^rd n 
he ESAL cakulo ions tam a WH 
dewcc 


AADT.HDWftY 


NUMBER^a D^ 


Annu;J avefoge daily ^otic^AADT] far 
he enire roodhvav 


TRUCK. VOLUME. EST 


NUMBER^7.D^ 


Annual tobi fruck volume Ccla::s«:^4- 

13h csimoir n LTPP Ian? otJv 


A A DT_ PC T_NON _LTP P_ D IR ECT DN 


NUMBER^-3 1^ 


Perceni dFAADT laviing in he 
direcion appoak ol he law ai ^otic n 
he LTPP lone. 


A ADT_PCT_LTPP_n IR tCTTDN 


nurLfBEP44.0 


Perccnl af AADT lawing in he same 
direcion as he lohv ol fraFia in he 
LTPPIant- 


AADT_PCT_LTPPJ_AN E 


^DUBERjS.I^ 


Percnm af AADT la\VTfffeg in he LTPP 
lane. 


TRUCK_PCT_1_TPP_LANE i 


HUMBERTS. 1^ 


Perceni aF ^otic ha tare clas:;iied as 


beng in elates 4- 1C ol he LTPP lane 






volume 


V E H CL ES_CL ASS IFIED 


NUMBER^7.D^ 


Ac^uJ number aFvetiiclas Ccl3sse-t4- 
1^h used in he calctJalans halcamt 
kam class icaian dab 


V£iJhCLES_WE»GHED 


tlUblB£R47.D^ 


Ac^uJ number ol /ehicles Ciila^se-s4- 

1^} used in he calctJaians halcamt 
tam Wn dab. 


ES AL_ V E H CL E_D ATft_H E AN 


NUMBER^4 S) 


Average ESU^per vetiicle n he 
LTPPIane br cla:^:^^ 4 -1 3 emulated 

using zkibzJ WN dab. 


ANN UAL_ESAL_DATA 


HUMBERTS D^ 


Annual ES^L ^sfaaale in he LTPP 
lane calculated as a prnducLoF 
ESAL_VEHCLE_DATA_MEi^N and 
TRUCK VOLUUE_EST 
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Table Wame: TST_LAYER_STRUCTURE 

Descriptionr Layer slruclu re Inlormalkin cmi each test section 



TST LAVER STRUCTURE 


Ti^ld Nam« U ni1:^ 


Fit Id T^pc 


DtHinrtnn 


SECTDN_ID 


CHARACTER 


Te::Ls«ciDn idcnbicoinn ruMabcr 


LAY£fl_NO 


NUMQERta^) 


Uiw|iit EcqiitniaJ nuabara^ptd Id pavtmcn t laytis, 


DESCRIPThUN 


NUMQERfl^h 


Cnac indiczLing g=rtrz. t/pe allaycr 


LAYER_TVPE 


CHARACTER lah 


A chzirziokrcDdc ndEofaig ht typa ailayar 


LAYEJ? THhCKNESS n 


NUMBERra.H 


ThkkiK-^s dF ht layer. 


MATER KL 


NUMBERIa^) 


Codt indiciainD 4nn nattrial UEcd in +in lavnr 



Table teme: TST_HMA_AGGREGATE_DES1GN 
Descriplion. Data on aggregale used In mk design 



TST HfiA AGGREGATE DESIGN 








Fit Id Nzimt 


Uni1a 


FkU Tvpc 


DtMinrtiDn 


MT EECTDN ID 




CHARACTER 


Te-ttEetiD"- idtnhlcri^on rr^mbtr 


LTPP_SECTION_ID 




CHARACTERrcJ 


LTPP ^:i 1 :::e c h D n idtn U Ic Ziion 


LAYER_NO 




NUMEERla^r 


UnHiut SHiutni^ nLvaber a:^sgntd b 
pavctann L l^y tro, sbrtaig '#.iin layar 1 be 
ffet danpcEi lavnr [sjbflrzdcl 


PCT PASS 3 4 


t 


N UMBER [3 ^> 


PerctnlpasMin en fit "^nn o<evt. 


PCT PASS 3 B 


■* 


NUMBERr3^h 


Ptrctnlpas^in on fit S-^in nevt 


PCT PASS NO 4 


"h 


N UMBER [3 ^> 


Perctnl p risn; ■ p f-t niinrntr 4 aevt 


PCT_PASS_a[sn 


"h 


NUMBERl3^r 


PcriiKnl pa::::^')g ht numlitr SCa sjtvt 


AGG_a ULK_SPEC1Ftt;_G R ft VITY 




NUMBER[4.?> 


Bulk ^cciic p4vit/oi fic ogpcgate in int 

HHA 



Table Mame: TST_HMA_AGGREGATE_CONSTHUCT10N 
Description. Data on aggregate cokbected at the time o< construction 



TST_H y A_ AG G R EG AT E_C O NST R U C 
FKid Hamt 


;tbh 






U^l1^ 


FhUT^Tc 


Dc-H] rirtiD rt 


MT EECTDN ID 




CHARACTER 


Tt^^LscciiKi idtnkica^nn numbnr 


LTPP SECTION ID 




CH^RACTER{fl1 


LTPP fc^tKcion idcntica^cn 


LAYER_NO 




NUMBERf^^) 


UnHiut SHiutniziJ nLvabtr a^gntd b 
pavcffBtn t lay tr^ , sbrtaig 'Aiin laytr 1 as 
ht dttptsi lav^r f^^ubgr^tl 


PCT_PASS_3_4 


"h 


NUMBERl3^> 


Ptrctnlpas^ig on fit '^-\n atvt. 


PCT PASS 3 B 1 


% 


N UMBER [3 ^> 


PnriiKnl pa^^ig nn tia 3i^-bi navr 


PCT PASS_HD 4 


% 


NUMBEEir3^> 


Rnm^nl poxoin hr nLinber 4 vavr 


PGT PASS_2DD 


■* 


NUMBER[3^> 


PnniKfll pannn lie nunbtr 2Da scvt 


AGG_PULK_SPECIFC_G R A VfTY 




NUMBER|4.3> 


Bulk qtcciic pavit/oi fic ag^cgat: in Int 
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Table Wame: TST_HMA_AGGREGATEJHSITU 

Description. Data on aggregale used In Ihe HMA mixcollecled somellrae after 

conslriicllan 



TST HVA AG GH EG ATE INSfTU 


Fiakl Hama 


Uoita 


FFdM Tvra 


n«a4]rirtK>n 


MT SECTDN ID 




CHARACTER 


Tas1 sccion idtniicaiDn ntMvbnr 


LTPP SECTHDN ID 




CH^RACTERfBj 


LTPP ^^1 ^Kc^on idnniicainn 


LAYEfi_NO 

1 




NUMQERlE^J 


Unique ^^cqueniaJ ntMabcr o^s^Kd to 
pavemtnl b/cts, stirfatg vii4n laytr 1 as 
tic dntpnsllaytr ^njbgradnj 


PCT PASS 3 4 


■* 


Nt>|jlBEEl{a^] 


PHC«nlpaiEBiq an inn ^-in «dvc. 


PCT_PASS a B 


■* 


NUMQERr?^! 


Ptrccntpossnq an inn Oi^-in nnvt. 


PCT PASS HD 4 


■* 


NUMBER r3/]l 


Ptrccntpo^snq fit numbcf 4 nnvt. 


PCT P^ES EDO 


"* 


NUMBER rs^l 


Ptrcc^t niL^a'-q t'c numttT £00 sievt. 


AGG_B ULK_SPEC IFC.G R kVfTY 




NUMBER [4 ;3j 


Bulh :v«ciEc gravity ol in« ogpegafc n 

+ie HMA 


AGE AT SAMPLING 


Year^ 


NUMBERfS 11 


^nt n'pn "tmc-*^ a' dmc ol njampling 


AGE AT TESTWG i Montis 


NUMBERfS/]! 


f'Qt Dc^siTifiv^ u\ bat D[rt:::qiin 



Tabte htame: TST_HMA_ 
Descripllon. Data on as 



.CEHENT_DESIGN 

p}»lt cemeni used In mk design 



TST HVA CEUEHT DESIGN | 


FiaUHnmn Unita 


Fitkl Tyfc 


Dc^cnptnn 


MT SECTDN.ID 




CHARACTER 


TasI scfiion idnniioBiDn niMabnr 


LTPP SECTK5N ID 




CkARACTERfftJ 


LTPP tostKciDnidnniiciaiDn 


LAYER_NO 




NUMBERl^^J 


Uniqiit scqtKffiiBJ iHMvbnr oso^Kd to 

pnri^ntnMnycfs, sbrfaig vnin layer 1 ns 
fit dttptsllavcr ^^ubprndnl 


BIIDER SPEC GRAVn"V 




NUMBERr4;3l 


Sptc ic qrciHil^ oFfit B^ih^l cnmcnl 


R tJG_B ALL _SOFTEW J4G_ J"T 


■^F 


NUMBERTS^al 


Ring and bol solbtHig pnintaf fit 
n:;|]h3ll f tmtnl 


PENETRATDN_TT 


DJ]1 n 


NUMBER [3^] 


Ptnn^oinn ol int o^halt CKtatnt at 


LOAn 77 


G 


NUMBER[£^] 


Land vpfitd for pnnn^inn feinlat77'F 


T^H" THE_77 


SKDndE 


NUMBER [2^1 


Ltnpfi nf ^an inatfit land nivfifitd. 


PBIETHATIDtJ_ag 


DJ]1 n 


NUMBERla^] 


Ptnn^ainn ol inn AsphnJt CKtannt at 

S9T 


LOAD » 


G 


NUMBERfE/]! 


Load Dfififitd bf ptnt^aion l^si 


T^H" TME_a^ ' Seconds 


NUMBERfE^al 


Ltnqh ol fast incil he load i:: vfifitd. 


PBIETRATDNl 


OjHI n 


NUUBEElla^J 


Ptnn ^ainn ol ocphciJ L iLttann L 


LOAm 


g 


HUHBERlZ^J 


Land ^vfifitd for fit pnnn^ainn feiEl 


T^n~ TME1 


SkdikJe 


NUUBER[Z^1 


Ltnqh oF fast t}uY ht load i:: vpfitd. 


TBIPERATURE1 


■^F 


TdUMBERl3.1J 


Temptrshrt dL^hich int ksii:: 
ptrfotrnnd 


PENETflATCiNE 


DJ31 n 


t4UMBEEl{3^} 


Pcfln^ainn ol osphciJt ottannt. 


LOAns 


.fl 


HUMBERf^^] 


Land ^vfifitd for fit pnnn^ainn feiEl 


TEST TME2 


Sccnnds 


NUMBERfE^l 


Ltnqh of fast ins t fit land HiVfifitd. 


TEMPERATURES 


^F 


NUMBER13/]] 


Temptrshrt ciLvifiKh fin feiElK 
ptrfotmnd 


flROOKFIELD VEC 








ABSOLUTE VEC_14a 


PotH 


NUMBERrc^a] 


Viscoal^ [>f a^ihali cnmtni 4i 144^F 


KHEMATC VEC ET5 


Cnnisbhts 


NUMBERfDj^l 


Viscoal^ of B^ih^l cnmtni ol Z7!(^F 


ASPHALT CEMENT GRADE | 


CHARACTER[BJ 


Gradt ol fin wphnJt cttann L 
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Table Wame: TST_HMA_CEHENT_C0H5TRUCT10N 

Description. Data on asphallcemeni collecled al the lime of conslrucllon 



TST HHA CEMENT CONSTR'JCTION 




1 


FKid Nam? 


Unhn 


FKid Typt 


Dt:^c rhptuB 


WT_EECTDN_ID 


CHARACTER 


Tt:^t2«ciiLn tdeniicziiDn numbcf. 


LTPP SECTIDH D 


CHARACTER^fll 


LTPP tsl ^tninn idHiiicaiDn. 


LAVER_MO 


NUriTHEn^S.Dh 


Unique :;cqucniGl numbcf as^gn?d ta , 
p^vtmcnllay^r:;.^ tiring ^ih \u/tr 1 oo inn 1 
decpc :: 1 \u ^s i :::.. d q 'Tide h 


ailDEH SPEC GHAVriY 


NUMeER^4.Z^ 


Specifc {pavilv Dl4i? :t::phal t ccffBtn L 


T? WG_B ALL _SOFTEN H G_ PT 


■^F 


NUMBER^^.Dh 


Ring Dfid ball ^^oFlrning pomlol in? o^halt 


PENETRATDN_T7 


DJ]1 n 


NUMBER^^.D^ 


Pen^frsiDfi dF ifet sqiliDll ccmenl al 77^F 


LOAD_77 


g 


NUMBER^S.D^ 


LgmI applied br pcnvl-KiDn te-ttat77^F 


TEST TME_7r 


Sccnnds 


NUMBERjS.Dh 


Lenflin ol imc hal inc IdehI is opplicd 


PBIET11AT1DtJ_3g 


DJ]1 n 


NUMBERjS.Dh 


PencfrsiDfi qF ifet s^hDllf^menl al 33^F 


LOfiD » 


.fl 


NUMBER^S \» 
NUMBER^2.D^ 


LGod applied kfT pcntfrsian \t:^L 


TEST TWE_39 


Sccnnds 


■ Lennin dI imc hal in? hod is applied 


PENETRATDN1 


0.01 n 


NUMBER^2 \» 


Pen c TH t n ■■ o 1 nsn ■■ :l " c?iti c^^ 


L0^D1 


.fl 


NUMBER{2 D^ 


Load applied »r ii? ficntfraton ^::L 


TEST TWE1 


SkdhJe 


NUMBER{2 D^ 


Lcnflin ol imc hal in? IdmI is applied 
1 T?nip?^:LTir? :l~ ^hich he ta::l is p?rFDffTB?d 


TEHPER-^TUREl 


■^F 


NUMBER^2 1^ 


penetratdne 


DjUI n 


NUMBER^2 \» 


PcncTntD^ ol asfiholl c?niEnl 


LO^D2 


.fl 


NUMBER^2.D^ 


LgmI appli?d kfT in? peiK^aion tt::l. 


TEST TIME2 


SccnndE 


NUMBER42.[»h 


L?nqin ol imt IhiI inn IihhI in npplind 


TEMPERATUREZ 


■^F 


NUMBERjS.Dh 


T?nipcroljr? 4lv4iii:ii tio ^istin pnrbtnnd 


BROOKFIELD VEC 






AaSDLUrE_VJSC_14n 


PotG« 


NUMBER^a.D^ 


ViscG z^^y g I osphaJ t cctann t :it 14D ^ 


KtlEMATIC_VEC_27!» 


CnnistohnE 


NUMBER^fl^^ 


VismmlV <] 1 oiphEiJt c«nnnt at Z7D ^ 


ASPHALT C9iENT GRADE 


CHAR^CTER^al 


' Gr^? dF Ik? nqiliDll cnmcnl 



Table Wame: TST_ffMA 
Description. Dataon as 



CEHENTJTiSITU 

phall cemeni colJecled sometime alter construction 



TST HUA CEMENT INSITU 1 


FbU Hnmn , Unhn 


Fi?ld Type 


Description 


HT SECTION ID 




CH^R-^CTER 


T?s1 :»ch]n id?niicaion ntMsbcr 


LTPP SECThON ID 




CHARACTER la^ 


LTPP tastEcciDnid?niicaiGn 


LAVET?_NO 




NUMBERrz.al 


Uniqif? scquenial iHMBb?r o^^a^Kd to 
pnri^n?nl la/cfs, sbrfatg vnin layer 1 as Iv? 
d??p?s''av?r |SLibqrad?j 


fillDER SPEC GRAVn~V 




NUMBER FA .-31 


Sp?c uc grarj^r ol t^e acvholi cnmcni 


R tJG_B ALL _SOFTEN H G_ PT 


■^F 


NUMBERFSX]! 


Rin^ and bol soltanng poinLoF Iv? aqiliDll 

ccffB?nL 


PENETRATDN_77 


DJ]1 n 


NUMBER [3^] 


P?nn^4ian ol inn osphnJt i:Kn?nt at 77 ^F 


LOAD_77 


G 


NUMBERF^/]! 


Load vfiEed Fnr p?n?^a^on ^s^ r.1 "'"''F 


TEST TIj1E_77 


S«cDnds 


NUMBER[£/]] 


L?ngii oF faa? inal he load f:: z^pLed. 


9 EN ET RAT I0N_3B 


DJ]1 n 


NUUBERla^] 


P?nn^4ian ol inn osphnJt i:Kffa?nt at 38 ^F 


LOAD ^ 


G 


NUMBERF2.C1 


Land ^vfified kw p?n?^aian l=sl 


TEST THE_DS 


SKDitdn 


HUHBERFZ.O} 


Lnnpfi af ^an inaL he load i:: opfified. 


PENETRATDN1 


DJUI n 


NUMBERF3/]! 


P?n?^aian ol ^q^hnit CMfannt. 


LOAD1 


G 


NUMBERF£.al 


Load opfified for ti« pnnn^aian feinl 


TEST TUE1 


Sccnnds 


NUMBERF£.al 


L?ngh aF faa? inal he load isopfified. 


T9.i?E11ATUREl 


■^F 


NUMBERI3.1J 


T?nip?rahre al ^hich in? ksl k per kinmcd. 


PENETRATCNa 


DJ]1 n 


NUMBER [3^] 


P?n?^aion ol a:;phal t c«ffB?n L 


LDAD2 


.fl 


NUMBERF£.a] 


Load opfified kw Iv? p?n?^aiDn l^sl 
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TEST_TfJE2 


SccDrrdE 


NtfMBEEIlZ^J 


Ltngh oF faae t}u\ he lozid i^^oppfied. 


T9J?E11ATUF1^Z 


■^F 


tdUMQERla^J 


Temptrzihrt aLvifikh ine fcsl k per brmcd. 


BRDDKFIELD VtSC 








AaSOLUTE_VEC_14a 

HtltMATC_VEC_ET5 


Poke 


NUMQEHrD^l 


ViscD9ly D F aspliDll c?mcnl ol 144^F 


Ceni:^bh«s 


NUMgEHfDjSl 


Vi:;cD9l^ D r :]:;ph3ll ctmcnl ol Z73^F 


^QPH-^LT CEMENT GR-^DE 




CH^R-^CTERIB^ 


Gradt Dr di« :L::phinll ccncnL 


AGE_AT_SAHPJ_«G 


Y«K 


NUMQERlS.IJ 


Agt olpavDmcnlal im« nFtHiBpling 


AGE_AT_TESTHG 


MmfK 


NUMBER|a^J 


Agr ol»aplt at^an ol feising 



Table teme: TST_HMA_MIX_DESIGN 

Descriplion. Mnlerials InformatiDn for HMA kiyersof each leslseclkin collected 'ram the 

mix design 



TST FiUA M\X DESIGN I 


FkU Hama 


Unitn Field Tvpt ■ IIIt^c rip In ■ | 


MT SECTDN ID 


CHARACTER 


Test section idenl icci ion number. 


LTPP SECTION ID 


CHAR ACT ER^al 


LTPP t:^l ::to4on idenl iczi ion. 


LAY£n_HO 


NUMBER^S.D^ 


Uniqu? ^tqueniol number cis^igntd ta 
pavemeni layers. :^tiring ^ih Ici/ef 1 a:: 4ne 
deepest layer (stMtfr^Hleh. 


^SPHi^LT CONTH^T 


•^ NUF^BERjS.O 


AnpFiDlt nntan t D F he HMA rax, hy bbl wt 
clnix 


fiULK SPECIFIC GRAvnr 


NUF^eER^4.3^ 


BuB: :;ptciic gra^l^ of he HHA mid. 


Hj^ KM UH_S P EC IF C _G R A V nr 


NUF^BER^4.3^ 


TFieoreicdl nci^imum qteciic ^avity ol inn 
HF^A miK 


Am_VOID5 


T^ NUF^BERjS.lh 


Air void confeintaF HMA mix 


VDII>3_F^HER.E|j_ AGG 


T4 NUF^BERjS.lh 


Voids n mnefDl ciggr^gat. 


IDT_3a 


Pn NUF^BERja.l^ 


kndir?cl ffiofBC ^ol len^^jle ^^^etfegin br ine 
HMA mi X m eanred a 1 32 "F 


IDT_HW U3_2a 


P^ NUMBER^a.l^ 


kndirecl ffiofBt ^ol lEn::ile ^^^etfegin br ine 
HMA mi X m eanred zi L S? "F 


IDT_HNUS_14 


Pn NUMBER^a.l^ 


kndirecl ffiofB? ^ol tencjle ^^^etfegin br ine 
HMn mix mtai^j-'en nl I4T 


IDT_1 


Pn NUMBER^a.l^ 


kndir^c ; D .:l~ « ^:t. Ie^::il« ::^efffegin a1::ptciitd 
tmpefaLir? 


TEHPERATURE_j 


-"F [iUUfiEJ?44.0 


TempefoLire ol wFiiiih he kn^^^le ^^^etfegin 
tslv/as pcrfanand 


IDT_Z 


Ps rfUF^H^llja.ih 


kndirnci ffiofan^ol totmla s^etfegin al^aciinff 
tmpefaLirc 


TEHPERATURE_E 1 


'F NUMeER44.lh 


TenpefdLirn ol hvFiKh knc^l? ^^^etfegin ksl 


POISSOttS Hj^TID 


P^UUfiEfljS^^ 


PoKsonsrain CEiJcidafeid frnm te-t^iq data. 


COMH-EX F^DDULUS 


Pn NUF^QEll^fl.Dh 




coMn_EX_Taip 


■"F NUF^BER^4.1h 


Tempef^Lirn olwFiich cntaplnx mofUiK 
tsinp WHH pnrbnand 


COMPLEX_1=REQ 


Uim: NUFLiBER44.Dh 


Frequnnny alwFiich cntaplnx jtkhUik tasing 
was perfonand 


C ll££P_COMP_ i _SEC 


Ijpa rtUF^BEfijD.ah 


Creep campfasKn vnJun al 1 secnnd 


CREEP CDMP_2 SEC 


Ij^a NUF^BERjS.ah 


Creep campfaBicn vnJun al£ EKcnnds. 


CREEP COHP 5 SEC 


l-pa NUMBER^a 3j Crttp coin^^r.-ce vu\u^ al 3 seconds. 1 


CREEP COMP 1D SEC 1 l-pa NUMBER^^ S) Crttp coiTiji^.zk^ c« fu\u^ al lO seconds. 


CREEP CDHP £D SEC ' l-pa NUMBER^^S^ Crttp compivK? vzilu? alJ4> strands. 


CREEP COHP 5D SEC 


Upa NUMBER^a S^ 


Creep cnmpiDfK^ vcilue al ^O seconds. 


CREEP COHP 1DD SEC 


Upa NUMBER^a S) 


Creep compfiDnc^ vcilu^ al im secnnds. 


TEHPERATURE.CREEP ; 


-"F NUMBER^4.1h 


Temper aLir? al ^Fiich creep mtaplicinct 
tsinp hvas perbfTBcd 


IIST RESLIENT F^ODULUS 1 


P« NUF^BER^7.Dh 


hskuntaneous re-nlinnt moiUiK 
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TOT_n ES Ll&f T_MOD tn_US_l 


Pn 


NUMfl^n^T.Dh 


TdIoI rndenlnDdulus. 


Tai?_RES_i 


■^F 


NUMBER^4.1h 


TenpefaLirn al hvhicti k-^t \ta> per brmed. 


LOAD THE R^ 1 


Second:: 


NUMeER^2^^ 


L<iH&m %an tr losing 


UNLOAD THE RES 1 


Second::: 


NUMeER^-3.£^ 


Unlnadinn imc Far \k:i\ 


HET REELIENT MODULUS_2 


Po^ 


NUMeER^7.D^ 


1 knsbn tmHHi:: K ::ili«n 1 mofUu:^ 


TOT RE3B.IENT_MODULUS_2 


Pn 


NUMeER^7.Dh 


TatnJ rtdenlnodulus. 


TEHP_RE3_2 


■^F 


NUMeER^4.1^ 


Ttmpcrzt&ir^ al ^hich te-st vro^ per brmed. 


LOAD THE R^ 2 


Seconds 


NUMeER^2^^ 


Ld:ld "-q t — t br fcsing 


UNLOAD THE RES 2 


SecnndE 


NUMBER^2.£^ 


1 Unloziding kmt far \t:i\ 


tlST_RESLIENT MODULUS_a 


P« 


NUMBER^? D^ 


knsbn tme^u:: re»lien L moiUiK 


TOT RE3B.IH^T_MODULUS 5 


Pn 


NUMBERjT.Dh 


TdIbI rndenlnDduluE. 


TEHP RE3_-3 


■^F 


NUMBER^4.1^ 


TtmpcraLir? al hvhich te:: t wo& per brmed. 


LO^D THE R^ 3 


Seconds 


NUMBER^2^^ 


Lna[i_-n Lr.t lor :ts3ng 


UM-OAD THE RES_2 


SecnndE 


NUMBER^S^^ 


U^nlDEiding ime far k-^L 



Table ^fame: TST_KMA_mX_C0NSTT!UCTrOTJ 

Description. Materials In JormatEon on IKe HMA layeisof each leslsecllon collected frDm 

Itie mix design 



TST HUA M\X CONSTRUCTKIH I 


Fiflkl Hama 


Units Field Tvp^ QrsrriplnH 


HT SECTION ID 


CHARACTER Tt:^t :i^c Ion ideni iczi ion number. 


LTPP SECTION ID 


CHAR ACT EJ^^fll 


LTPP t:^l ::tc ion ideni icaion. 


LAVEH_HD 


NLJUaEfi42.0^ 


Unique ::tqutni3l number Eisngnnd b 
povtmcnl layers :: tiring ^ih b/er 1 os in? 
deepe:^t la H'er (stMtfr^Hleh. 


ASPJ3ALT_CONT&JT 


T^ NUMBERED. n 


AsphaJtnntantDf fw HMA mix, by b^ wL 
clnix 


BULK SPECIFIC GRAVITY 


NUMBER44.3^ 


Quft ^pcaic: pranl^ nf fte HMA nix. 


MAKIMUM.SPEC IFC.GRAVnr 


PIUUBER^4.3h 


Thtartical naxjmum qieciic pavity ol inn 
HMA miK 


Ain.voins 


•^ NUMBERED. 1h 


Air vcid conbntnf HMA mix 


VOIDS MHERAL AGO 


T^ NUMBERED. 1h 


Vcidsn mnerol aggrtgab. 


IDT_a2 


p» NUMBER^3.1h 


bndircDl ffioTB? ^dI len::il? ^^ertgin br ina 
HMA mi X m tanred a L 22 "F 


IDT_HHUS_2a 


psj NUMBER^a.l^ 


kndircci fiDTBC ^ol bnc^lc ^^ertgin br inc 
HMA mi X m tanred a 1 2S "F 


IDT_MNUS_14 1 


pa NUMBER^a.l^ 


kndirnnl ffinn^^ bnc^lc ^^ertgin br inc 
HMA TviK nflBBved a 1 14 "F 


IDT_1 


psj NUMBER^a.l^ 


kndircEl ffiarae ^dI bn::il? ::^erfegin a1::p?cii?d 
bmperabrc 


TEHPERATURE_1 


■^F NUMEER(4.1J 


Ttmperobrc ol fevhich he bn::il? ::^erfegin 
bsl hvas pcrbiTBcd 


IDT_2 


p» NUMBERED. 1^ 


kndircci ffioTBC ^ol brKjIn ^^ertgin al^nniind 
bmperabrc 


TaiPERATURE_Z 


■"F NUUBER^4.j^ 


Ttmperabrn alwhicii brtuln ifrertgin bEl 

WBEpDrbnand 


POSSON5_flATID 


NUMBER{3 [1^ 


PcKson^rain CEiimdabd frnm b^^tg dab. 


CDMH-EX MDDULirS 


psj NUMBER^a D^ 




COMPLEX_THrfP 1 


'F NUMBER44.1h 


Ttmperobr? al fevhich UHBpl^in modtAi:: 
bsing hvas pcrbriBcd 


COMPLEX_FREO 


Usee NUMBER^4.D^ 


Frtqunncy alv/hicli imraplnx ttkhUu^ bsing 
was ptrbiTBcd 


CREEP COHP 1 SEC 


Upa NUMBER^a.3^ 


Crttp compfiDTKC vnJun al 1 Eecnnd 


CREEP COMP 2 SEC 


Upa NUMBER^a S) 


Crttp compfianc? valu? all? seconds. 


CREEP COHP !^ SEC 


Upa NUMBER^a.S^ 


Crttp camplDTK? valu? al 3 seconds. 


CBEEP COMP 1D SEC 


Upa NUMBERja.S^ 


Crttp cnmpfaHKn veiJuc ai ID secnnds. 
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CREEP COHP ED SEC 


tfpa 


NUMQE?^3.3^ 


Crttp campfiancn vcalun al£D secnnds. 


CREEP COHP 5D SEC 


IJ^D 


NUMBER^a.3^ 


Crttp campfcrncn vnJun al OO secnnds. 


CREEP COM? ]DD SEC 


IJ^D 


NUMBEl^jD.ah 


Crttp campfiancn volun 4l 1DD secnnds. 


TEHPEAATURE.CR EEP 


^F 


NUMBER^4.1h 


TtmpefoLirc ol hvhich creep mtaplianoe 
tsing ^as pcrbtiBcd 


IIST RESLIENT MODULUS 1 


i™ 


NUMBER47.Dh 


b^skuntane^us re-»linnt moiUiK 


TOT fiESLIENT_HODULUS 1 


P" 


NUMBER^7.D^ 


TdIoJ rndenlnndulus. 


TaiP_RES_i 


^F 


NUMBER44.1h 


TtmpefoLirn alwhmii te-tt was per kiniied. 


LOAD TUE RES 1 


SKdnds 


NUMeER^2.£^ 


LfHHfafeg ^an br tasing 


UM-OAD THE RES 1 


Seconds 


NUMBER^G^^ 


UfiloEidinp ime for te-Ft. 


tIST RE51-hENT MODULUS S 


P" 


NUMBER47.Dh 


hsbntane^us re-nlinnt moiUiK 


TOT RESLia4T_MaBULUS_2 


P" 


NUMBER^T.Dh 


Talal rniAHilnndulus. 


TaiP_HES_Z 


■^F 


NUMBER^4.1h 


TtnpetBLim ■Iwhicii te-rt woi per brmed. 


LOAD_TME_RES_2 


Seconds 


NUMBER^2^^ 


LfHHfaig ^ac hr l=sing 
UrrinBdinp ime bf k-sL 


UNLOAD TME RES 2 


Seconds 


NUMBER^-3.£^ 


IIST RESLIENT MODULUS 3 


P^ 


NUMBER^? D^ 


hBkuntHie«ti> re-nlinnt moiUiK 


TOT RESLIENT MODULUS 3 


P« 


NUMBER^7.D^ 


Tobf rcdenlnndulus. 


TEMP RES_3 


■^F 


NUMBER^4 1^ 


TtmperaLir^ al ^hich ta::l ^a:: pefhrmed. 


LO^D THE RES_3 


Seconds 


NUMBERr3 ?^ 


LoMfafefl faat kfT losing 


UNLOAD THE RES_[3 


Seconds 


NUMBERr^.E^ 


1 Unloading ime kw t::L 



Table hfame: TST_HMA_MIX_IMSITU 

Descriplion. Malerials InformatiDn for HMA layers ol each leslseclkin coJIected liom the 

in Ie design 



T3T hVA yiX INSfTU | 


FbM Hh¥1D 


Unita FieU Typo 


DDHOriplDH 


HT_SECTDN_ID 


CHARACTER 


Te:;t^?cion tdeniicaion number. 


LTPP SECTHON ID 


CHAR ACT ER^al 


LTPP t:^l scoion ideniicaion. 


LAYEfl_NO 


NUMBER42.Dh 


Uniqun nqunniiri number nangncd b 
pavtmeni layers^ ^living wifi iDjp'ef 1 a^ inc 
deepest lavef (stMtfrwit)- 


ASP HAL T_CON TENT . 


Tb NUMBER^3.1^ 


AsphaltoontantoFfw HMA mix, by btJ wt 
clnix 


aULK SPECIFC GRAvnr 


NUMBER{4 Z) 


Buft ?p?ciic groriil^ of he HMA nix. 


U A XIM U M_S P EC IF C _G R A V ITY 


NUMBER^4.3^ 


The[>reicol noxjmum qieciic povity ol ina 
HMA mix 


A1R VOIDS 


NUMBER^2.1^ 


Av vcid confeintof HMA mix 


VOIDS MIJERAL AGG 


NUMBER^2.1^ 


Vcidsn mnef J npprcpat. 


IDT_32 


P^ NUMBER^ajh 


kndir?ol ffiofBC ^ol bn^^jlc ^^^etfegin br inc 
HMA mi X m eonred o r 32 "F 


IDT_MHU3_2a 


Pn NUMBER^a.l^ 


kndircci fiDfB? ^dI kn::il? ::^efffegin brine 
H MA mi X m eo»red o 1 SS "F 


IDT_MNUS_t4 


Pn NUMBER^3.1h 


kndircol &■■? ^dI kn::il? ^^etfegin br ine 
HMA mi X m eonred o L 1 4 "F 


IDT_1 


P«i NUMBERja.l^ 


kidircol ffiofBO ^ol ktmln ^^etfegin alspnaind 
tmpefaLirn 


TaJPEHATURE_l 


-"F NUMBER^4.1h 


TempefoLire ol hvhiiili Ite knc^le ^^etfegin 
tsl hvos p^rbfTBcd 


IDT_2 


Pn NUMBER^ajh 


kndir^cl {iDfBt ^dI lEn::ile ^^^etfegin o1 cpeoiind 
tmpefaLirt 


TEHPERATURE_E 


■^F NUMBERt4.1J 


TempefoLire ol fevhich len::il« ::^engin l^sl 
was [terbfTBed 


POBSONS RATCi 


NUMBER^S^^ 


PcKson'^ raio colctdafcd from te-»^iq data. 


COMPLEX MODULUS 


Pn NUMBER^a.D^ 




COMPLEX TEMP 

1 


-"F NUMBER^4.1^ 


TempefoLire ol hvhich ootaplcx JnodtAi:: 
tsinp hvos perbfTBcd 
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COMTn_tX_l=ntQ 


IJ^CC 


NUkmER44.Dh 


Frtqunnny alwhicii cxifaplnx moiUiK tasing 
was [ttrbfTBad 


CHEEP CDMP 1 SEC 


l-pa 


NUMBER^l S) 


Creep campfcrncc value al 1 second 


CBe£P_COHP_E_SEC 


Ijpa 


NUMBER^a.3^ 


Creep campiofKC VEiJun 4l£ secnnds. 


C REEP_CDH P_5_S EC 


IJpD 


NUMBERja.S^ 


Creep compfiofKC vnJun al4 tKcnnds. 


CREEP CDMP 10 SEC 


IJ^D 


NUMBER^a.S^ 


Creep complDnce value 4I ID EKcnndH. 


CREEP CDMP ZD SEC 


Ijpa 


NUMeER^3.3^ 


Creep CDmpfiDfK? value ol£D EKcnnds. 


CHEEP CDMP !^D SEC 


l-pa 


NUMBER^a.S^ 


Creep campfiDnce value ol 30 seconds. 


CHEEP CDMP 1DD SEC 


Ijpa 


NUMBER^^.?^ 


Creep coiTni~n'-ce 'nlue n1 lOa seconds. 


TEMPERATUHE.CHEEP 


■^F 


NUMeER^4 1^ 


TeiTipcnaire r.- ^hic- cccfi en — pliance 
tesinq ^v^lS ptrh^^ed 


IIST HESLIENT MDDULUS 1 


Pn 


NUMBER^? D^ 


Lnsbn Ll^e d ..:: sc ::ilien t mfHUu^ 


TDT RESniENT MODULUS 1 


Po^ 


NUMBER^? D^ 


Tatil redenlnndulus. 


TEMP_RES_1 


■^F 


NUMBER44.1^ 


Temper aLire al ^hich t^t wo^ per brmed. 


LDAD THE RES 1 


SccDnds 


NUMBERED ^^ 


LoMfakfv faae kir losing 


UNLOAD THE RES 1 


Second::: 


NUMBER^2^^ 


Unloading ime bf le::L 


IIST HESLIENT MDDULUS S 


Pa 


NUMBER47.D^ 


bisbn tine«u& rec^lien t mfHUu^ 


TDT RE3ILIENT_MODULUS_2 


P« 


NUMBERjT.Dh 


TdIbI rnEdenlnnduluE. 


TEMP RE3_2 


■^F 


NUMBER^4.1^ 


Te^nperaLire ol hvhich te-^t \to« per brmed. 


LD^D THE RES_Z 


Sccnnds 


NUMBER^S^^ 


Lowfam ^ae kir losing 


UNLOAD TIVE RES 2 


Seconds 


NUMBER^2^^ 


1 Unloading Ime bf k-^L 


IIST HESLIENT MDDULUS 3 


Pn 


NUMBER^7.D^ 


bistan tDne«u£ rc-»linn t moiUiK 


TDT_RESL lENT.MODUL US_3 


P« 


NUMBER^7.D^ 


TdIbI rndenlnaduluE. 


raiP.RESj 


-F 


NUMBER^4.1^ 


Tempe'rt^ire at ^hich tes t woo per brmed. 


LOAD THE RES 3 


1 Seconds 


NUMBER^2^^ 


Ljizld ""n fc^e kr losing 


UNLOAD THE RES 3 


Seconds 


NUMBER^-3.£^ 


Unloading Ime bf le::l. 


^GE ^T S^MPLHG 


Yearo 


NUMBER^ajh 


Age ol pa/etBenLaL faae ol^ampfatg. 


AGE_^T_TESTUG 


M[>n+i^ 


NUMBERED .0^ 


Age oFsDfBple al ime of te-t^tg. 



Table teme: TST_UNBOUND_RAW 

Descriplion. Malerials Information on Ihe HMA layeisof each lesl secllon 



TST UNBDUMD AAW 








FKid Name 

MT SECTDN ID 


UnUi 


Fi=ld Tvpe 


DcHDrpplBH 


CHARACTER 


Test sec hon "[le ■■ ^f ca fo ■■ numhef. 


LTPP SECTHDN \D 




CHi^H^CTER^a] 


LTPP te:^t ::ec ion 1 acn ^ E ca im . 


LAYER_NO 




NUMBER^2.Dh 


Unique sequenioJ number as:;igned b 
pavement layer:^ slaving ^ifi la;pvr 1 a^ 
ine deepesi la/er (ajbpodeh. 


A AS HTO_SO L_C LASS 




CHAR ACT ER^al 


Soil clos^^jEc^ionlKLsedon Ik ^ASHTO 
svs^n 


UNIFIED_SOL_CLASS 




CHAR ACT ER(2al 


Soil clas^^jEc^ion ki^^ed on he united soi 
cla^^ilcai^n system 


DEPTH HEIDJ_AYEH 


Fl 


NUMBER^3 1^ 


Depfi Id rigid layer 


R »G ID _L A Y E R_M E AS U R ED 




CHAHACTEROJ 


Y or N indica^ig ^heiner 4ne dep4n b 
ngid lan^r is a mea»red value 


DEPTH GHOUNDW^T = H T.^3_ = 


Fl 


NUMBER^-3 1^ 


Depfi \a pround^^ter bble 


GAOUND W ATEA_MEA5UR ED 




CHARACTEAjtJ 


Y or N indica^ig ^helher 4ne depin b ine 
ground^aler tiU= 1:^ a meastred vohie. 


PCT PASS 3 4 


"h 


NUMBER4-3 D^ 


Perceni retancd on tie =H-in sie/e. 


PCT PASS 3 B 


■* 


NUMBER{3 D^ 


Perceni retDincd on Ine 3'S-in sieve. 


PCT P^SS.NO_4 
PCT PASS NO 40 


■* 
■* 


NUMBER{3 D^ 
NUMBER^3 D) 


Perceni pa:^:;4ng lie ntMsber 4 aeve 


Perceni pa:^:;4ng lie ntMsber 44 aevn 


4*CT PASS MO_Ha 


■* 


NUMBER{3 D^ 


Parceni pa:^:;4ng lie ntMsber SO nevn 


PCT PASS NO iao 


■* 


NUMBER{3 D^ 


Perceni pa:^::ing lie ntM^nr 1DD seve 


PCT PASS NO 2ao 


■i 


NUMBER{3 1^ 


Perceni pa:^::ing lie ntM^nr ZDD neve 


Dao 


in 


NUMBER{4 S) 


Diamebr zo lial OO'd bv ^eiphl is %ier. 
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n_ASTCirv_HntK 


■* 


NUUBER^S.Dh 


Ptasicit^ indtx gF 4n« nzileffial. 


LK>UID LMfl 


■* 


MIUGEfljS.Dh 


Liqud limit ol inc unlHHMHl mafeiriBJ 


n_ASTC_LHn" 


■* 


NUMBERjS.Dh 


Plaa^c Iini1 ni ftt matriD] 


fi_sinj_MoisnjnE 


T4 


NUMBE11^3.1^ 


kn-plac« moishre rGnl^ntDf Ik unbDund 
malHial. 


Wi SITU DENSITY 


[ |]<]1 


NUMBEF!44.1h 


kn-pbc^ dtn»l^ oFfK unbound naktiiri. 


OPTMUM_HOETUnE 


■* 


NUMBEFI^S \» 


Dpkmun nDi:^bjr« ciLnlHil 


MA>:j_AB_DENSnT 


pel 


NUMeER{4 1^ 


MoKimum dry dtnsly of he unbound 
ni3lcffial. 


MA >L_L AB_D ENSnT_TtST 




CHAHACTER44J 


Ttst type used in pcrbnung mux density 
tsl 


EaUL_MDI5Tk>flE 


■* 


r^UUflEflfS.ri^ 


Equiibiiirn VDlumt^iii: w^tr conlenl 
'Ahich i:^ consi:^l^n1 viiin dep4n tD 
qrGund^alcf til4=. 


EOUL_SATURATDN 


"o 


NUMeER{3 1^ 




SPEC IPC GRAVITY 




NUMBER^4.3^ 


Specilc qrontv olunbctMHl mnfeiriaJ, G^ 


CQH 


■a 


NUMBEFl^-^ D^ 


Caliioffnia btonnp wnkn 


R VALUE 


■a 


NUMeER^-3 D^ 


Rtzi^itmct 


S AT_H Y D n A UL »C_C ON D 




NUMeER^-3 1^ 


S^Lirabd h/<k3ubi conduoi^l^ Darcy :^ 
l^'A CDn:^bnl under ^^stj'zitd conditn-^:: 


SOL_SUCTDN 


pa 


NUMBER 


DiiFtrtncE btt^ttnfiDrE zur fire ::st^E und 
pare watr pfcssjrt. 


EST_n£S_MOil_OPT 


P" 


HUMBER^fl.Dh 


&^n3led Re^litntMaduhB atopimiMV 
bailed on Mn - ^ascCCBRJ""^" 



Table teme: TST_UNB0UND_RESMOD 

Descriplion Materials InformatiDn on Ihe HMA layeisof each leslsecHon 



TSr UNBOUND J^ESMOD 






FKid Hama 


Unita 


Fwld Tvra 


Do-Hirirtnn 


MT SECTDN ID 




CHARACTEH 


Te^1 HMcfn-^ idenfHcn^on "".r^ber 


LTPP SECTION ID 1 


CHARACTEH^O} 


LTPP fcsl::Mctn'> iden t nc non 


LAYER_NO 




HUMEEH^^J^J 


Uniiiiit scqtKffiisI iHMBber o^apied b ps /etaen L l^jpff^, 
sbrfafefl vnin lav^r 1 ss ht deepesllav^r i^^ubgrsdej 


TEST MOETURE ■ "a 


HUMBEH43.13 


Mai^tjr^ mnkntsl ^hich re::ilienl miHUu:: l^sl wfus conduced 


TEST DENSrrV 1 pel 


HUMBEH44.13 


Den::irv al ^hich res^ c^^ " odulu::: Ie::I ^a:i conduofcd 


RES_HOD_a_3 


psj 


HUMBEH^O^J 


Re::ilienl m<HUu:: ^f\\n CDiianing ute :::::.r^E ol 3 p::i and axial 

sfresool 3 p3. 


RES_HOD_a_0 


pm 


HUMBEHfOJ]) 


Rc^lien t mofUiK wifi cxmimng pf«:^str« dFS p» and ajdol 
sfrnE^olO pa. 


RES_MO0_a_fl 


pn 


HUMBEHfOJ]^ 


Re :;4li?n t mofUif^ hvifi imnimng pfe-sort dFS p^ ond anal 
:^fres:^ol? pa. 


RES_HOD_a_l 


pa 


HUMBEHfOJ]^ 


Re ::ilien t mofUu:^ hvih conimng pfc-sart dFC psi ond axial 
sfrtsool 3 pa. 


nES_M0D_n_10 


pn 


HUMBEHfOJ]^ 


Repliant mofUif^ wifi imnimng pfc-sar« nf □ pn ond anal 
sfrts:: ol ID pa. 


RES_HOD_a_ll 


pa 


HUMBEH{«J]3 


Re::ilienl moiUu:: ^ih umining pf«::ar« dF3 p:;^ and axial 
[^fre::::: dI 13 pa. 


RES_H0D_ia_10 


ps 


HUMBEHi«J]J 


Re::ilienl mixUif^ hvih imnimng pfc-sart dF ICi p^ ond ahial 

sfres^ol ID pa. 


RES_H0D_fa_20 


pn 


HUMBEHfOJ]^ 


Renlinn t m<HUif£ wih mmining pfc-srar« nf 1D pn and wiatd 

Efrns«ol£D pa. 


RES_H0D_ia_30 


ps 


HUMBEHiOJ^J 


Re^ilitntmfHUiK hvifi imnimng pf«::ar« dF lO p::i and anal 

sfrts:^ol 3D pa. 


nES_MO0_tn_lO 


pn 


HUMBEHfOJ]^ 


Repliant mofk^K wifi mmining pfc-srart dF 1D pn and ahial 

sfrnE^ol ID pa. 
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flES_MOD_fn_11J 


pm 


HUMSEHfOJ]^ 


Rc^linnt rnoiUiK wifi cxmining pfc-tnr« nf 1D p^ and ahiol 
sfr?sool 13 pn. 


RES_H0D_ia_30 


ps 


HUMgEHiOJ]^ 


Re ::ilitn t moiUu:: hvih umining pfc-^nrt dF 1C p:;^ and anal 
:^frts:: ol 30 pn. 


RES_HOD_2a_ll 


pa 


HUMgEH^OJ]^ 


Re::ili«nl moiUu:: ^ih conining pf«::nr« dTSO p::i ond ua^A 
sfres:: ol 13 pn. 


flE3_M0B_2a_20 


p3 


HUUgEHi«J]J 


Re »lien t m<HUu:^ hvifi cxmining pfc-srar« nf SD pn And D.nid 

sfrnE«ol2D pn. 


flES_MOD_20_4O 


pn 


HUPJgEHfOJ]} 


Rcniinnt m<HUif£ wifi mmining pfc-sar« nf SD pn and BJiid 

sfrnE«ol44 pn. 


RES_MOD_fl_2 


pn 


HUMgEH^O^dJ 


Re ::ilitn t m<HUif^ hvifi cxmining pfc-^nrt dFD pn ond axul 
:^frts:: oi2 pn. 


RES_HOD_fl_4 


p3 


HUMgEHfOJ]^ 


Re ::ilitn t iikhUu:: hvih iixmining pfc-^nrt dFQ p::i and axial 
:^frts:: ol4 pn. 


RES_HOD_fl_0 


pn 


HUMgEHfOJ]^ 


Re ::ilitn t m<HUu:^ hvih oonining pfc-snr« dFQ p::i ond axial 
sfrcsoolO pn. 


flE3_M0D_fl_0 


ps 


HUMgEHiOJ]^ 


Renlinnt rnoiUiK wifi cxmining pfc-tnr« nf □ pn and anal 
■frns^olS pn. 


flES_M0B_fl_10 


ps 


HUMgEHfOJ]^ 


llenliant m<HUif£ v/ifi mmining pfc-srart dFQ pn ond axial 

sfres^ol ID pn. 


RES_MOD_4_2 


pn 


HUMgEHfOJ]^ 


Re ::ilitn t mofUu:^ hvih conining pf«::nr« dF4 p::i and axial 
:^fres:: oi2 pn. 


RES_HOD_4_4 


pn 


HUMgEHi«J]J 


Rcniien t mfHUif^ hvih cxmining |]re::nr« Dr4 p::i and axial 

sfresool4 pn. 


RES_H0D_4_0 


pn 


HUMgEH{«J]3 


Re ::ilien t mofUu:^ hvih conining pfc-^nrt dF4 pn and axial 
sfrns^olO pn. 


RES_MO0_4_O 


pn 


HUUgEHfOJ]^ 


flonlinnt mofUiK wifi mmining pfc-tnr« Df4 pn and axial 
:^frts:: olS pn. 


RES_H0D_4_10 


pn 


HUMgEH^O^Oj 


Re ::ilien L mofUif^ hvih conining pfc-snr« dF4 pn ond axial 

Efrns^ol ID pn. 


flES_MOB_2_2 


pn 


HUMgEHfOJ]^ 


Rcniient mofUiK wifi mmining pfc-tnr« nf S psi and axial 
sfresool^ pn. 


RES_HOD_2_4 


pn 


HUMgEHiOJ]^ 


Re ::ilitn t mofUu:^ hvifi mmining pfc-^nrt dFS pn and axial 
:^frts:: ol4 pn. 


RES_H0D_2_0 


pn 


HUMgEHiOJ]^ 


Re ::ilitn t mofUu:^ hvih conining pfc-snr« dFS pn and axial 

sfrEs:^olD pn. 


flES_M0D_2_0 


pn 


HUMgEHiOJ]^ 


Ronlinnt mofUiK wifi mmining pfc-^nrt nf S pn and axial 
sfrns^olS pn. 


RES_M0B_2_10 


pn 


HUMgEHfOJ]^ 


Ranlinnt mofUiK wifi mmining pfc-srart dFS pn and axial 
sfrts:: ol lO pn 


RES_MaD-1 


pn 


HUMgEHfOJ]^ 


Re::ilitnl mofUu:^ cnndunfeid 4l«i[nctad cnninng s^css and 
axjaJ sfreso 


CDHF PRESS j 


pn 


HUIjigEHi3j3 


Canining |]r«::nr« DFredenlnndulus te-tt. 


AKIAL_STHESS_1 


pn 


HUUgEHf^JJ 


Axial sfrts:: olr«::ilitnl mofk^K feiEl 


RES_MOD_2 


pn 


HUMgEHfOJ]^ 


Re ::ilitn L mofUu:: ciiinducird ol ::electd cnninng s1~e^:; and 
axiaJ :;fres:: 


CONF PnESS_a 


pn 


HUUgEHf^JJ 


Conining pre^^nre ol rezAcnlnodulus te-tt. 


A>:WL_STRESS_2 


P^ 


HUMgEHi3j3 


Axj^ sfres^ ol rtnlien L mofUu:^ tsl 
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APPENDIX ll-D LTPP TABLES DOCUMENTATION 
DATABASE OPERATION AND UPGRADES 
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Parti : General ?1evlew: Population of The Database 

As9lolqu9T^s w^r9 d^5gn9d Id poputile Ih9 daEabass wlh LTPPdala Th959 quQr^s gnabl9 
dQl&tcin^ and rg-pcpublcm ollhe tab^s with lulurs LTPPdala istas^s Pari 2 presents 
InslrucliDns lord9lallng and rs-pDpubling Ihg dalabase with LTPPdala Pari G pre^gnls 
IrrslruclKns ior populaling ihg dalabasa wrth dalalor non-LTPP secljons 



Part 2: Appending the Data Tables w^h Latest LTPP Data HeTease 

II rs importanllo populate !hg Sgctcm D&lails (s&g "Main Swilchbcsrd Inv^nlDry ConsLnidhDn 
Evenls and Laygre) pror loan ten ng Igsling and monilonng inlormalen lora givgn sile_ 




Swftchbo 



Montana DOT 

[J I SecbonDeta 
Append Tables 
EkiI Applicalicn 




Access Database - Main Swhchboard \ Section Delall 



BACKUP OF MDT DATABASE. 



Make a backup uipyd Ihs Uonbna DDT .md^ ds bbass l:«f[¥B pfDccednQ. 
Re-hr^ LTPP bUea 

Cuntnt links sre Eirnilsr'rn Fclder Eiructir^ loltie LTPPrElesse 
Pnmar^ Data Stt_A 

h Ad rnina tB I vf mcfl^ 

^fiackcBlculadcn met) 

hMBinLRehsb mcft) 
hMatfial_Te5l mtfc 
ht^ccutccing md^ 
^BesacinaL Men tof ing rni±] 
^BpBclic_PB ve mf nL5 Lj df s .inct) 
hTra1ic.m[±] 
FWD Measurement 

■.FWD_Dala_Wnhou1_Drop_DmB m* 
hFWD_Drop_DfltH_SlaleE_AL_ID m* 
^FWD_DrDp_Date_S(a1es_MT_TN m* 
hFWD_DrDp_DalB_SlatB_TX_SKmc±] 



Jl-HB 






Open the McntBneDOT ncl> in AccessZOCC , c hooze ToolB---DabbBse Utli deB- > Linked Table Manager; 
locate eech specific LTPP lable endres^tlhe lirin. 

Make sure ALL links ere cccreDled be Fore perfcrning the Append 

ClLck the Append Tablea buttcfion Ihe S wi tc Fiioard. Click S ten A|]pend.. Click YE5 Id continue 



The fcJIovrii ng Ie peffcrmed' 
DELETE OLD DATA 



SECTION_£VEJJTS 

[^yS ECT 10 N_ E V E NTS _ Delele 

dele^ defleciondsb 

HO N_D EFLEC TIO N_H ABIE R 

try MO N_D EF LEC T lO N_H AST E n_ Dele te 

MO N_ D EF LECT 10 N_ D AT A_ RAW 

MO N_ D EF LECT 10 N_ D AT A_ RAW _S E NSO R 

MON_DEFL_BACKCALC_SECT 

MON_DEFL_BACKCALC_PT 

delele telfic dets 

T R F_MO N ITO R_M AS T ER 

E^yT R F_ MO N ITO R_H AST E R.Dele te 

TRF_VEHICLE_DISTRIE 

TRF_AXLE_DISTRIB_W EIGHT 

T R F_AX LE_E UM H AR Y 

delele esal date 

TRF_ESAL_H ASTER 

E^yT R F_ ES A L_ MAST ER _Delele 

delele pcofile date 

MO N_P RO FILE_U AS T ER 

try MO N_PROFI LE_ MAST ER_ Delele 

MO N_ PROFILE 

MO N_ PROFILE, RAW 

delele ^ress dalH 

MO N_D 1ST RESS_H ASTE R 

try MO N_D ET RES S _M AS T Efi.Debeie 
MON_DISTRESS_RAW 

delele ruldeta 

HO N_RUT_H ASTER 

try MO N_R UT_ MAST E R _ Delete 

IJO N_fi UT_R A W_ D 1ST ANC E 

delele le yer 5 true Hjre dats Fee ell LTPPaecficnE 

TST_L AY ER_ST R UC T UR£ 

[TyTST_LA YE R_ST RUC T U R E_ Dele te 

TST_FJ ASTER 

TST_H H A_AGGR EG AT E 

TSTHHACEMENT 



11-149 






TST_U N BO U N D_RES MOD 

TST_HHA_MIX 
TST_UHBOUND_RAW 

MO N_ D EF L_ B AC KG A LC _IA YER 



TST_W AT E RT A B_D E PTH_M A N 
c^yTST.W AT ERT A B_DEPT H_ MA H.DslHfe 



ADD HEW DATA 



SECTION EVENTS 

c^yS ECT 10 N_E V E WTS .Appered 

PROFILE 

MO N_ PROFILE. M AS TER.MOH_ PRO FILE MASTER (LTPP^ fi S ECTfON 
cry MO N_PROFI LE_ MAST ER_ Append 

MO N_ PROFILE: MO N_ PRO FILE MASTER fLTPPl . MON_PROFILE_HASTER. SECTION 
try MO N_PROFI LE_ Append 

HON_PROFILE_RAW: MON_PROFILE MASTER ILTPPl, htOH_P RO F ILE_M AST E R SECTION 
try MO N_PROFI LE_ R A W_Appflnd 

TRAFFIC 

TRF_ESA L_ MAST ER;TRF_HOH_EST_ESAL4 SECTION 
c^yT R F_ ES AL_ M ASTEFLMON TOR E D_ Append 

TRF_ESAL_MASTER 

cryT R F_ ES A L_ MAST ER _ Upc^lB_ M 

TRF_ESA L_ MAST ER:TRF_HET_EST_ESALfi SECTION 
cryT R F_ ES A L_ MAST ER _ H IS TO R ICAL_ Append 

TRF_ESAL_MASTER 

cyyTR F_ES AL_ W AST ER_Upc^1e_ H 

T R F_ MO N ITO R_M ASTE R . c^yT R F_ MO N ITO R_H AST E R_ Uricn. 
[TyT R F_Sec tcnE_T R F_HOH FTOR.M AS T ER_S&JbcL S ECT 10 NS 

cryT R F_ MO N ITO R_H AST E R_ Append 

T R F_ MO N ITO R_ LT PP_ L N . cr^T R F_ V E H IC LE_ D 1ST R IB_Selecl, S ECT ON, 

T R F_ MO N ITO R_ MAST E R 

tryT R F_ VE H IC LE_ D IS T R I B _ Append 

T R F_ MO N ITO R_ AK LE_ D 1ST R ID 

cryT R F_ AK LE_ D 1ST R I B_T R F_ MO N ITO R_ B AS fC _l N FO_SeleDl- S ECT lOHS . 

TRF_MONITOR_M ASTER 

cryT R F_ AK LE_0 ISTR I B_ Append 

TRF_MONITOR_LTPP_LN.q-^TRF_AXLE_SUHMARV_Unon SECTION. 

T R F_ MO N ITO R_ MAST E R 

tyyT R F_ AK LE_S U M M A R y_ Append 
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RUTTIMG 

MO N_ R UT_ MAST ER ;MON _T_ PROF_l N D EX_PO^ WT . S ECT ION 
try MO N_R UT_ MAST E R .Append 

MO N_ R UT_ R A W_ D 1ST ANC E. MO N _T_ PROF_ F RO F ILE . S EC T lO N . M OH_RUT_ W^ T ER . 
cry MO N_R UT_ R A W_ DISTANCE. til_ MO N_T_PRO F_ PROFILE, ln*K 
cry MO N_R UT_R A W_D IBT A NC E_ Append 

DISTRESS 

MO N_ D 1ST R ESS _M AS T E R .tryHO N_D ET RES S _S U R V E Y_ DAT E_ Unon 
try MO N_D 1ST RES S _P ERC EHT_F AT IG U E_T H ER MA L_C R AC K_Unon, 
try MO N_D ET RES S _W IR ELIN E_ R UT_D E FT H_ A-^.Striev.Select 
try MO N_D ET RES S .Append 

MON_DISTRESS_RAW.HON_DISTRESS_MASTER-C^yMON_DISTRESS_RAW_l _Unan- 

tryKEVCODEScartesien 

try MO N_D ET RES S _R A W _ 1 .Append 

MO r J_ D 1ST R ESS _R AW MO N_D ET R ES S_M ASTER. q-^MON_D IS T R ESS_R A W_2 _ Unon . 

ETyKEVCODEScartesien 

cry UOtJ_D ET RES S _R A W _2_ Append 

TESTING 

TST_LAYER_STRUCTURESECTI0H-SECTI0H_EVENTS.tTyTST_L05B_LayerStuclijre- 
SRODBA_CODES. KeyCodee 
c^yTST.LA YE R_ST RUC T U R E_ Append 

TST_MASTER.tTyTST_MASTER_AdcEBrnpJeDa1e SECTION SECTION_EVENTS . 
TST_L A YE R_ST R UC T U R E 
(TyTST_M AS T ER_ ApperxJ 

TST_UNBOUND_RflW. 

TST_UHBOUND_RAW .ORY_TST_SSO4_UG0B_AAS HTO. 

tTySECT_SECT_EVNT_lAYER_STRUC_TST_MASTER_Selecl KEYCODES 
tTyTST_U N BO U N D_R AW _A AS HTO_C LAS S .Append 

TST_U H BO U N D_R A W TST_HO LE_ LOG . 

CTySECT_SECT_EVHT_L^YER_STRUC_TST_MASTER_Selecl. KEYCODES 
tTyTST_U N BO U N D_R AW _TST_ HO LE_LOG_ Append 

TST_U H BO U N D_R A W TST_S S01 _ UGOl _UG02 . 

€TySECT_SECT_EVNT_L^YER_STRUC_TST_MASTER_Selecl KEYCODES 
CTyTST_U N BO U N D_R AW _TST_SS01 _ UGD1 _UG02_Append 

TST_U H BO U N D_R A W TST_S S02_ UG03 . 

CTySECT_SECT_EVHT_L^YER_STRUC_TST_MASTER_Selecl. KEYCODES 
tTyTST_U N BO U N D_R AW _TST_SS02_ UG03 _ App-erxJ 

TST_U N BO U N D_R A W TST_UG04_SS 03 . 

CTySECT_SECT_EVNT_L^YER_STRUC_TST_MASTER_Selecl. KEYCODES 
CTyTST_U N BO U N D_R AW _TST_ UG04_SS 03 _ Append 

TST_U H BO U N D_R A W TST_UG05_SS 05. 

c^yB ECT_S ECT_E VNT_IA YE R_ST R UC_TST_M AS T ER_Selecl. KE YCO D EB 
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€TyTST_U N BO U N D_n AW _TST_ UG05_SS 0B_ ApperxJ 

TST_U H BO U N D_R A W . IN V_S U BG R A D E, 

CTySECT_SECT_EVHT_LAYER_STRUC_TST_MASTER_Selecl KEVCODES 
CTyTST_U N BO U HD_R AW _C B R_S U BGR A D E_ Append 

TST_U H BO U MD_R A W IN V_S U BG R A D E . 

CTySECT_SECT_EVHT_LAYER_STRUC_TST_MASTER_S&lecl. KEVCODEB 
CTyTST_U N BO U N D_R A W _C B R_ U N BO U N D .Append 

TST_U H BO U N D_R A W . IN V_S U BG R A D E . 

tTySECT_SECT_EVHT_LAYER_STRUC_TST_MASTER_Selecl KEVCODES 
CTyTST_U N BO U N D_R AW _R _S U BGR A D E_ Append 

TST_U H BO U N D_R A W . IN V_S U BG R A D E . 

cryS ECT _S ECT_E V HT_LA YE R_ST R UC_TST_M AS T ER_S&Jecl. KE VCOD EB 

CTyTST_U N BO U N D_R AW _R_ U N BO U N D_Appflred 

TST_U H BO U N D_R A W TST_S S 11 , 

CTySECT_SECT_EVHT_LAYER_STRUC_TST_MASTER_Selecl KEVCODES 
cryTST.UHBO U HD_R A W _TST_SS 1 1 .Append 

TST_U H BO U N D_R A W TST_UGOB. 

CTySECT_SECT_EVHT_lAYER_STRUC_TST_MASTER_Selecl. KEVCODES 
CTyTST_U N BO U N D_R AW _TST_ UGDg_ Append 

TST_W AT ERT AB_D E PTH_M A N : 

TST_W AT ERT AB _D EPT H _ M A N .t^yS ECT _S ECT_E V NT_Selecl 
SHP_WATERTAE_DEFTH_MAN KEYCODES 
CTyTST_W AT E RT A E _D E PT H_M A N_ ApperxJ 

TST_U NBO U N D_R ES UO D . 

TST_ U H BO U N D_RES MO D □ R V_R ES _M OD_A VG_ Fl N A L. 

tTySECT_SECT_EVHT_L^YER_STRUC_TST_MASTER_Selecl KEVCODES 
tTyTST_U N BO U N D_R ES MO D_ Append 

TST_HMA_CEUENT. 

TST_H H A_C E M E NT □ R V_TST_ AE02 

CTySECT_SECT_EVNT_L^YER_STRUC_TST_MASTER_Selecl. KEVCODES 
[FyTBT_H M A_C E M E NT_AE02_ Append 

TST_H H A_C E M E NT □ R V_TST _ AE02S . 

CTySECT_SECT_EVHT_LAYER_STRUC_TST_MASTER_Selecl. XEVCODES 
[TyTST_H M A_C E M E NT_ AEOSS .Append 

TST_H H A_C E M E NT □ R V_TST_ AE03 

tTySECT_SECT_EVNT_L^YER_STRUC_TST_MASTER_Selecl. KEVCODES 
[FyTST_H M A_C E M E NT_AE03_ Append 

TST_H H A_C E M E NT □ R V_TST _ AEOS. 

(TySECT_SECT_EVNT_LAYER_STRUC_TST_MASTER_Selecl KEVCODES 
[TyTST_K W A_C E W ENT_AEO&_Appand 
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TST_HH A_C EM E NT □ R V_n H B _ AC 0_P RO P, 

CTySECT_SECT_EVHT_LAYER_STRUC_TST_MASTER_Se^ec|KEVCODEB 
(TyTST_H M A_C E M E NT_ R H B _ ACO_ PROP. Append 

TST_H H A_C E M E NT □ R y_R H B _C M R AP_C OH E IN E_ AC . 

€TySECT_SECT_EVNT_L^YER_STRUC_TST_MASTER_Selecl KEYCODES 
[FyTST_H M A_C EM ENT_fl H B _C MR AP_CO M B I N E_AC_ Append 

TST_HHA_CEMENT.QR V_RHB_HMRAP_COHBIN E_AC . 

CTySECT_SECT_EVHT_L^YER_STRUC_TST_MASTER_Selecl KEYCODES 
tTyTST_H M A_C E M E NT_ R H B _H H R A P_CO M B I N E_AC_ Append 

TST_H H A_C E M E NT □ R V_S PS 1 _PM A_ AC _ P RO P. 

tTySECT_SECT_EVNT_L^YER_STRUC_TST_MASTER_Selecl. KEYCODES 
€FyTST_H M A_C E M E NT_S PS 1 _ PH A_ AC_ PROP. Append 

TST_H H A_C E M E NT .O R Y_S PSa _PM A_ AC _ P RO P. 

tTySECT_SECT_EVNT_LAYER_STRUC_TST_MASTER_Selecl. XEYCODEB 
(TyTST_H M A_C E M E NT_S PS B_ PH A_ AC _ PROP_ Append 

TST_H H A_C E M E NT □ R Y_S PSg_PM A_ AC _ P RO P. 

CTySECT_SECT_EVHT_LAYER_STRUC_TST_MASTER_Selecl. KEYCODES 
€FyTST_H M A_C E M E NT_S PS B_ PH A_ AC_ PROP. Append 

TST_H H A_C E M E NT .O R Y_S PSg_S P_P M A_ AC _ P RO P. 

tTySECT_SECT_EVHT_LAYER_STRUC_TST_MASTER_Selecl KEYCODES 
tTyTST_H M A_C E M E NT_S PS B_S P_ PH A_AC _PRO P_ Append 

TST_H M A_ AC^G R EG AT E . 

TST_HHA_AGG_LIST_TABLE.1ernpccBry labia to be deleted 
OR V_TST_H M A_AGG_M A K E_LIST_T AB LE 

TST_H H A_ AGGR EG AT EiQ R Y_TST _ H M A_ AGG_D AT A_Select 
CTySECT_SECT_EVNT_L^YER_STRUC_TST_MASTER_Selecl KEYCODES 
[TyTST_H M A_ AGGR EG AT E_TST_H H A_ AGG_ D AT A_Appand 

TST_H H A_ AGGR EG AT E:R MB _ H M R AP_C OH B _ AGG. 

CTySECT_SECT_EVHT_LAYER_STRUC_TST_MASTER_Selec| KEYCODES 
tTyTST_H M A_ AGGR EG AT E_ R H B _H M R A P_CO M B_AGG_ Append 

TST_H H A_ AGGR EG AT E;R HB_ AC 0_ AGR_P RO P . 

€TyBECT_SECT_EVNT_L^YER_STRUC_TST_MASTER_Selecl. KEYCODES 
[FyTST_H M A_ AGGR EG ATE_R H B _ ACO_ AGGR_ PROP_ Append 

TST_H H A_AGGR EG AT ES PS 1 _P M A_ AGG R EG AT E_PRO P . 
CTySECT_SECT_EVHT_lAYER_STRUC_TST_MASTER_Selecl. KEYCODES 
tTyTST_H M A_ AGGR EG AT E_S PS 1 _ PH A_ AGG_P RO P_ Append 

TST_H H A_ AGGR EG ATES PSB _P M A_ AGGR EG AT E_PRO P . 
CTySECT_SECT_EVHT_L^YER_STRUC_TST_MASTER_Selecl. KEYCODES 
€FyTST_H M A_ AGGR EG AT E_S PS B_ PH A_ AGG_ P RO P_ Apperel 

TST_H H A_ AGGR EG AT E3 PS9_P M A_ AGG R EG AT E_PRO P . 

c^yB ECT_S ECT_E VNT_IA YE R_ST R UC_TST_H AS T ER_Selecl. KE YCO D EB 
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[FyTST_H M A_ AGGR EG ATE_S PS B_ FH A_ AGG_ F RO P_ Appsrel 

TST_H H A_ AGGR EG AT E3 PS9_S F_ F M A_ AGG R EG AT E_F RDF, 
tTySECT_SECT_EVHT_LAYER_STRUC_TST_MASTER_Selecl KEVCODES 
[TyTST_H M A_ AGGR EG ATE_S PS B_S P_FH A_AGG_PROP_Append 

TST_HHA_AGG_LIST_TABLE. deleted 
DoCrndDflletflOb^lacTHbl&,TST_HMA_AGG_LET_TABLE 

TST_HUA_MIX; 

TST_H H A_ M IX .cr^T ST _ H M A_ M IX _S flleGt_AC07_ I DT_ IN FO . 
tTySECT_SECT_EVHT_LAYER_STRUC_TST_MASTER_Selecl KEVCODES 
[TyTST_H M A_ M IX_AC 07_ I DT_IN FO_ Append 

TST_H H A_ M IX .cr^T ST _ H M A_ M IX _S eleGt_AC02_ AC 03_ AC04_S P02- 

cryS ECT _S ECT_E VNT_LA YE R_ST R UC_TST_M AS T E R_Selecl. KE VCOD ES 

[TyTST_H M A_ M IX_AC 02_ AC 03 _AC04_S P02_Appflnd 

TST_H H A_ M IX OR Y_ MO D I Fy_AC07_ M R _ DATA . 

CTySECT_SECT_EVHT_lAYER_STRUC_TST_MASTER_Selecl KEVCODES 
[TyTST_H M A_ M IX_AC 07_ M R_ D AT A_Appered 

TST_H H A_ M IX .cr^T ST _ H M A_ M IX _S eleGt_AC07_ V2_C R E EP_CO M F_S U M . 
CTySECT_SECT_EVHT_LAYER_STRUC_TST_MASTER_Selecl. KEVCODES 
tTyTST_H M A_ M IX_AC 07_ V2_C R E EF_C OH F_S U M_Append 

TST_FIH A_ H IX OR Y_ H M A_ M IX _CO NS T_ U N ION . 

tTySECT_SECT_EVHT_LAYER_STRUC_TST_MASTER_Selecl KEVCODES 
€FyTBT_H M A_ M IX_H H A_H IK_COMST _ D AT A_ Appe rxJ 

DEFLECTION 

MO N_ D EF LECT 10 N_ MAST ER :MON _ D E F L_B AC KC ALC_S ECT . S ECTIO N 
try MO N_D EF LEC T lO N_H AST E R_ Append 

MON_DEFL_BACKCALC_SECT.MON_DEFL_FLEX_BACKCAL_SECT.SECTI0N. 

MO N_ D EF LECT 10 N_ MAST ER 

cry MO N_D EF L_ B AC KC A LC _S EC T_ Append 

MON_DEFL_BACKCALC_PT MO N_ D EF L_ F LEK_B AC KC A L_ POINT, SECTION, 

MO N_ D EF LECT 10 N_ MAST ER 

cry MO N_D EF L_ B AC KC ALC _FT_ Append 

MO N_ D EF L_ B AC KC A LC _LA YE R . MO N_ D E F L_FLEK_B AC KC AL_S ECT, S ECT JOH, 

MO N_ D EF LECT 10 N_ MAST ER 

c^y MO N_D EF L_ B AC KC A LC _LA YE R_ Append 

MO N_ D ELFECT 10 N_ D AT A_ RAW x^y MO N_ D E F L_ D ROF_D AT A_ Uricn .SECTION, 
MO N_DEFL_LOC_INFO.HOH_DEFLECTIOH_M ASTER 
cry MO N_D EF LEC T lO N_D AT A_ R A W_ Append 

MO N_ D ELFECT 10 N_ D AT A_ RAW _S E NSO R .t^y MO N_D EF L_ D RO F_ D AT A_Unon- S ECT ION, 
MO N_ D EF LECT 10 N_ MAST ER - tfcJ HOH_D EFL_D RO P_ D AT A_lncfeK 
c^y MO N_D EF LEC T lO N_D AT A_ R A W_S E NS OR_ Append 
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Part 3: Instructions for Populating t tie Database witti Data for Non- 
LTPP Sections 

Th9 dalal<H iK>n-LTPPl9sl seclcms must b&Gnlor^ into Ih9 r9S[»clrv9 tables manually It s 
imponanlto pDpu^le Ih9 "S^clion Dglair (soe Sbclcn, Invanloiy. Conslruclcin Events, and 
Lay^r^ lium the mainswjIchEcard] prnr lo Qnbniig testing, monfloring. and Irafftc Lnloimalcm 
lor IhQ secljons- 

For New Secfcns 



* Enlr»95 should be inilLal9d vb the mam swrlchbcard by gnlenng SGclcm dglails In the 
"D^EcriplJon and "SlalQ Gcd&"lBkt_ 

« Th9 "Jnvenlorv labshouU Uign be complglgd. lolbv^^d bylhGGntr^s lorll» 
"Conslruclcm Ev&nf and "Laygrs'labs 

ForSQclions wilh ExEling En^^^g5 

* With a newconslniclK>n 9VGnl. the approprtatg SGclh^n shouU b9 klQnIlftGd by scrolling 
through Ih9 "R9{:ord5 on Ih9 mainswrlchbcard 

■ Once Ih9 affgcled secljon has tegn denlilBd. click on Iha *GonslniclK>n Events" lab, 
scroll through lh&"R9coras. and Klenllylha bsl conslruclion &venllorlh9 seclcn 

* Scroll Ihrough Iha "RQHHds lo inseria ngw conslruclcm ev&nL The new conslrucfcn 
event will have a "ConslmclK>n Number one grealGrlhan llie last conslructon event 
denlil^d lor the seclion 

■ Enber the detail lor lh£ new construction evei^l 

* II the new conslruclion a^^nl resulted in ki ye r structure changes, use the ^Layers tab to 
enter the byerdelailsforthe newconstruchon event 

* Forltie ^lest conslructKDn numbar. include only the byer changes made during the 
specrlc construchon event Forexampfe. Han overby was Ihe mcsl recent conslructcm 
event, enter only the informalK^n for the overkiy In the event Ihatan exiting ^yer was 
mcdifhed ([arttally or totally mihsd and filled). lndK:ale Ihe milling aclr>ylty In the Qtest 
construclon event and spacilya new layer numt:erforthe filling actrvrty. The mcGt recent 
aclpylty lor Ihe mill and fill should indK^ale a smaller byerthEhness for the mil^d layer 
when compared to Ihe thckness of the same byer Irom a pfevDusconstructcn event. 
Forexampfe. il during Ihe milling operation some or all of an e>:Bting ^yer {already 
dentil^d in the database) ts removed the remaining existing layer tliK:kness (Olon 
inches) shoub sllll t^ Klentiled The filling activity shouU bQ Klentrfted with a unque 
(new) byer numt:er 

* After the "SecthDn Detail" have been entered. e>:rt the mam switch bcat^ and enter other 
inlormaton (test, monitoring, and traffc) lorthe sectdti^evenL 
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Th9 iQslinq Inlormalhim musi be entered Stirling wilh Ihe^nlries [orlhe "TST_MASTER" 
tabl9 

Th9 monilQrinq data lor non-LTPPsectcsns can be entered in a manner simi Brio the tesi 
inlDrmalon The monitoring lablesare designated wilh "MON asa pielix totlie tabte 
name. 

NOTEiThfi tables -MOM DEFLECTIOtJ.HASTEn . "HON.PnOFILE MASTER 

'MO N_ DISTRESS .MASTER and MO N_RLrT_H ASTER slould tie mmpleled pnor to enlerEr^ 

delEcdon proBle, dsr^ss snd ru t inhirm b don r^spec dvely 

Alltabts penaining to test data contain a"TST prelr^ beloie the table name Orsn the 
table by double clEhing on the name ol the labia 

Goloihe bollDmolfhelable {Exhibit 1) to Include a ne^iMord fbbnkTD"w) 



UbiAx^iJOFH _r^r ^a-.iu 



l£- U 4 



Ellis 



?HJ ^ fi ** ^^ ■-; 



dd* 




Open Lhe TST_M ASTER table and Gcroll 
dMm to the end olthe lab^ 



Exhibit 1 
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Mnntna Dcva~kiiai1 iH Tra-Efxrki^cn 
VLikmtll HeFcfmctlbud 
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Using IhG dropdown m&nu_ chctcsQ Iha "SKlK>n/CN Evenl/Layer d^blE (Exhlbrt 2) lor 



l£- U 4[1 



}\U ^y't H Oaf- --^J 




ilecl "SMl&n^GN Ev^nl/Laygr using 
dnzrpdown IbL 



E][hlbrl2 



11-157 



VLikmtll HeFcfmctlbud 



Fbpo CiinaJtint he. 
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EnF^r Ih9 sampb dsbils (Exhibit S) r^u95led In Ihe labia Aflgrcni^n placing rhe^nlry. gJdl 



U .^idi^iKi^H T^v L%N^TFi 1. 



.11- U dLl 



■^ - iJ 5J ^ ■ 



rt D4- ^j 



^rri^mrviFil' 



'I 



I ;flt^ JJiJ I gTLP_;rT l&jft ff ;*<Ff^ lUrjin 



+T 



rmU^rtdEhMT U^k^ieLiiUIJj^Ij Lk 1 LX|V- ^ 

T7a n SidLrii hMin fiF^ [□ ::iEtii UI7CiTl CH 1 Lrp i 

T2£3 3] fintriEhiMi l]fSra ^lEhii M^EJlZ CH 1 L^w S 

T2a « SuipJhNi^in Qf^S Srrtii ^Zai: CM 1 m^ f 

riS W ^SbdEhMWi L?:^ R ^lEhii MI7V^U CK 7 LX|V- & 

T» W ^:>r-Mi hP-^ 1]^^^^ MI?€41] CM ^UiSq & 

T7^ W ->*ilMi fc»*^ C-*=^^ lirm Ml?y t: ru ?l.x,n C 

;ia M ^utriEhiHi i^^u^ ^lEhii b€^£4li Cm 4 Lnw h 

nn ni^/^E cpi i LipiE j 



pr- 
b^ 
i^«l 

hTDI 

l>S1 
KV1 

ME 



■um 



Lvib-i^tt iri 



TPI 



uicnTiim^ 




pui 



Enter r^^^^nldata for each 
I Bid using Iha keybcQid 
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Fbpo CimaJtDnt he. 

R^D 1 \^ I -3074 



Open the letting Isbl^ in ^htch \h& acluallesldala will be enl^isd For9x:impl9. 
^g regale gradatiDn lora hoi mixasphall ccmcrele kirrgrwill kQ enl9r?d in lab^ 
"TST_HMA_AGGREGATE Opan Ihe tables b/ doubt cIchJng on Ihe name ol Ihe lable. 
Ihen sciolldown Id the end ol the labb (E:<hibil 4). 



■"F hLUilLhI. Il^vI 



M- H A[k 



4 *LI^ ^' 



H DA^ 1^ 



I EK LU b^ ^at FflK bar^ Ie^ U*^ tft 



in 



?tiqHfc?*^i 



n^jmc 



*\mt 



\f^tn\m fjjMMi^ 1 J"* T^irup ^"^h^ 1 fl^ 



K«? 






SECM 






bn >Jll .-Uani LF^^ M '■^l^ ■ ^inp^ -.^^i^l LV|V- 3 
ti E^aji dhn^ £R= m ^^^ I ^^pt ( 4Ji[UI U^v- ? 

M ^mi ^HuSP^Hi :;kIuii ^«p^ ckdqii la^w 3 

En ^^£Cj^lini 2P1 EH SvJeti J a«p^ CiCO^: Ut« ^ 

n ^3n>l*r.J ri^"] * "^Hr.? ^^vip^ T^lJJJI L>1T 5 

&1 >aj^jUini ^F^ ^ ^Mm^ £«ip^ L^^IO^J L^Tv 3 

tl E^i? nhft^ SR^ c^ £<<IC^ 3 i>^pt CViC?3L^7n ^ 

M ^3"^ ^b-mi 5P0 m Odvi ] Tnp^ LKDDU L^v- 9 

"O^ia =4tfMMv^ EPE Ef EOMWS' h] SvHpt k'^ iJrH E 

Tiijiin ^^Lih ir^. =pn re s^ivn^i] ^tnp^ ""^i 'Jjw d 

[C:84ia E«LiU«M :P5 [f 5«dDiOJi] £«ip^ 1^42 Lir- d 

BJIIIJ ^HLiL-hnw. :;PS E£ Srfc1^4ri D Sjnpv kj^l Lr|W b 

»MIJ^rthJKI<-^ j^EE^=^-4i^"2^:»p«C^'-.rh E 

QJE^I --^Lil J ■> ■! LPi! fc^ bhdEf.ail I^npk I-jOi Lrr«- L: 
MJWJI EMtlklM-^ EPS bl EMfMHJI iwp^ t^ii^U L^><4 2 

DBDI 9Hhrbtwtw. CPS U SrfdwVUI S^npv kjdl Lr|W 3 

KW1 E^kikhPwi DPS EA B*J^i=4]i irrpi k-VlLrrr 3 
?:i ^tfr-S^rfi^ E^IS LJr+ E 

^ ^W^BvT^ aUfi Up- A 






Open Ihe TST_HMA_AGGREGATE mbb. 
and scroll down lo Ihe end ol Ihe lable 



y- 



3inE?ii^«j 


EC 


aHHEOrii-au 


91 


:yv1E«TI»^-i 


Tj 


-YinmriiMi. 1 n 


azntm iisiu | 


^ 


:^riE3'lt^4b ■ 


7B 


jin^ii^u 


P' 




It 


snnor ii-au 


sz 


■rh?7JlE?Ci N^ii 


■ID 


\\ypi\fX}\^^^" 


■ro 


iCv]?jiX<i ii ^itj 


1U 


imrjIERi Ii^4l 


■ Hi 


^Tin^i ii-5*i. 


'P? 


■lyQJlEUl li^^b 


1L£ 
■ID 


ILVEUIEO] liSiu 


ilh 


E^krlEeHt^U 


iHi 


mm^i i»9i. 


'CD 


^nUiii^^ 


iLU 


HnEvi ii^^«j 


■ID 


xuiBi ii-au 


ILU 


]w1Eei l»^u 


iHi 
[D 




?E 



-J 




Eihlbit4 



fl-15g 
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Using Ihe dropdown manu_ insert a \^coni lor the gfvQn "S&clPon/Sampfe No'Lafrgr No" 
{ExbibA 5). 



EJ^riiMiiJuH fM 'LMi JMHliiU laftUI 



DIS 



i£- y 4^1 



1- i^ 



1 ** -^-^ 



I Dl L^ d^ tMii r^ui i>ud L^ ^\kn i>k 



-|i 



|rf iLHH H!^¥ 1-^ F^in^i i**:Jfc| 1 1" .Ft*! ±. 



Sf^^fc ?djti**^ ^ 



H5T_[Wit 



r^w 






ESTJ 






[11 ST'-" 
CI j*^ 



m Jou 



Piv 






Umli ?:] ETJ Elizhxi 1 ^wrwm i^cli|,iln LX|V 3 

Jbrrii 7:: m :;Khr i swfM Duicm Lir*~3 

4^11 ^ £ m £«^ni ? &«m Li^liiJ? Lx,v ^ 

^4^? ^3 W b3h;4^ E»vM [4ICCC U^ 1 

Jferli 3F:: n SKini 7 SvTf* CMEnDlwfm--i 
J±v1i ^i:^ LTI fiizhxi ^ -E-EM .^ciikU^ LXiiv J 

^KirirHWi L-F? n SiEin U ID Smt^ KVT L 

^:>r-=4i ^^^1 1:4=^ e£ Ei.Ipi tJ ID 3^1^ C^l L 
'^LriEkv.vi ^^ Ed^ ^inm t-i1^ fivTfita hL^In L 



P77nmi !■ 



if] F^iiiEBk^iW VULi-rii J 
iCi l^iiEElm^ A1J Lri^ii i 

n bniiE Evnte ^ J4 I i> fi i 



1B 



^■lEPl I^SU 

Erin7jiDi ii-::riu 

ZaVIEfflH^ij 
ZnnECTIi^u 

XLHSJIiOiiJ 
Il^rlEQ? Ih^ii 

^VlXPlH^lJ 

£anEC7lliqu 

Tiinnrii^tu 

IivlEQ^Ii^ii 

?nnr^ii^o 

ii£b 

li^4ij 

iKTHEm |i-5<u 

iC^jIEHlIhE^ 

■[QMLEirii^tu 

|[U7JIBirii-SiJ 

EnulESI iH-^u 
PTinwi ii^u 

■[h^ilbEli li^^ 

liilDI IhSu 

ujlEei l^^u 
€nEFI ll^tU 



dn^ii^^ 

■ J-l-^lli^O 

:!■:£££ iH^u 



Se6cl"SQCl on 'Sample f^Layer Ho' 
using thg drop down IsL 



ICii 
lEU 
IDJ 
lEir 



jj 
El 

ai 

R7 



[U 



[U 



ffi __ 
77 



it 



41 

a: _ 

Si 
IP 
=a 

n _ _ 



ra 



m 

Sl 



J 




Eihlbit^ 



JJ-IBO 
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Fill in I]i9 d&FalLs (Exhibit G)o(lh9 lest, and e>:rt Ih9 lonii 



U ikirdLniJU^I I'tl ilHI AbLfdUllL \^^\ 



^- U ^1 



^ H fl ^ ■--.' 



bW ^ML FffK dfMr^ >K< :£M>rf LM^ 



Blis 



-»-H 



^c^—^hH'*^^!^!"^' 



ICFTMH 



F^^ I rtn^^i |i#^Mj 3.I1 Fl*^ W»^h| U" |iWJi 



Dl AiLittwMT. CP5 V SAdb^BDI S«p^ KUI L 

I 311 Vi^^Sh-^ i?«P Lirw 5 







Enl&r r9lev3nldala lor9ach \\^\d using th^ hgybcard orth9 
dn^pdown Ibl Lwh&r&airaibbl^) 



Exhibits 
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